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There is weighty and abundant evidence that, the 
flowers of most kinds of plants are constructed so as 
to be occasionally or habitually cross-fertilised by 
pollen from another flower, produced either by the 
same plant, or generally, as we shall hereafter see 
reason to believe, by a distinct plant. Cross-fertilisa- 
tion is sometimes ensured by the sexes being separated, 
and in a large number of cases by the pollen and 
stigma of the same flower being matured at diflereut 
timi-s. Such plants are called dichogamous, and have 
been divided into two sub-classes : proterandrous species, 
B 
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There is weighty and abundant evidence that, the 
flowers of most kinds of plants are constructed so as 
to be occasionally or habitually cross-fertilised by 
pollen from another flower, produced either by the 
same plant, or generally, as wo shall hereafter see 
reason to believe, by a distinct plant. Cross-fertilisa- 
• tion is sometimes ensured by the sexes being separated, 
and in a large number of cases by the pollen and 
stigma of the same flower being matured at difiereut 
times. Such plants are called dichogamous, and have 
been divided into two sub-classes: proterandrous species. 
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in which the pollen is mature before the stigma, and 
proterogynous S2)ecies, in which the reverse occurs; 
this latter form of dichogamy not being nearly so 
common as the other. Cross-fertilisation is also en- 
sured, in many cases, by mechanical contrivances of 
wonderful beauty, preventing the impregnation of the 
flowers by their own pollen. There is a small class of 
plants, which I have called dimorjihic and trimorphic, 
but to which Hildebrand has given the more appro- 
priate name of heterostyled ; this class consists of 
plants presenting two or three distinct forms, adapted 
for recii)n>cal fertilisation, so that, like plants with 
se2)arate se.xes, they can hardly fail to be intercrossed 
in each generation. The male and female organs of 
some flowers are irritable, and the insects which touch 
them get dusted with pollen, which is thus transported 
to other flowers. Again, there is a class, in which the 
ovules absolutely refuse to be fertilised by pollen from 
the same plant, but can be fertilised by pollen from 
any other individual of the same species. There are 
also very many species which are partially sterile with 
their own pollen. Lastly, there is a large class in 
which the flowers present no apparent obstacle of any 
kind to self-fertilisation, nevertheless these plants are 
frequently intercrossed, owing to the prepotency of 
ix)llcn from another individual or variety over the 
plant’s own pollen. 

As plants are adapted by such diversified and cfifeo- 
tive means for cross-fertilisation, it might have been 
inferred from this fact alone that they derived some 
great advantage from the process ; and it is the object 
of the present work to show tlie nature and importance 
of the benefits thus derived. There are, however, some 
exceptions to the rule of plants being constructed so 
as to allow of or to favour cross-fertilisation, for some 
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few plants seem to be invariably self-fertilised; yet 
even these retain traces of having been formerly 
adapted for cross-fertilisation. These exceptions need 
not make us doubt the truth of the above rule, any 
more than the existence of some few plants which pro- 
duce flowers, and yet never set seed, should make us 
doubt that flowers are adapted for the production of 
seed and the propagation of the species. 

We should always keep in mind the obvious fact 
that the production of seed is the chief end of the 
act of fertilisation ; and that this end can be gained 
by hermaphrodite plants with incomparably greater 
certainty by self-fertilisation, than by the union of 
the sexual elements belonging to two distinct flowers 
or plants. Yet it is as unmistakably plain that innu- 
merable flowers are adapted for cross-fertilisation, as 
that the teeth and talons of a carnivorous animal are 
adapted for catching prey ; or that the plumes, wings, 
and hooks of a seed are adapted for its dissemination. 
Flowers, therefore, are constructed so as to gain two 
objects which are, to a certain extent, antagonistic, and 
this explains many apparent anomalies in their struc- 
ture. The close proximity of the anthers to the'stigma 
in a multitude of species favours, and often leads, to 
self-fertilisation ; but this end could have been gained 
far more safely if the flowers had been completely 
closed, for then the pollen would not have been injured 
by the rain or devoured by insects, as often happens. 
3Ioreover, in this case, a very small quantity of pollen 
would have been sufficient for fertilisation, instead of 
millions of grains being produced. But the openness 
of the flower and the production of a great and ap- 
parently wasteful amount of pollen are necessary for 
cross-fertilisation. These remarks are well illustrated 
by the plants called cleistogene, which bear on the 
B 2 
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same stock two kinds of flowers. The flowers of the one 
kind ore minute and completely closed, so that they 
cannot possibly be crossed ; but they are abundantly 
fertile, although producing an extremely small 
quantity of pollen. The flowers of the other kind 
produce much pollen and are open ; and these can be, 
and often are, cross-fertilised. Hermann Muller has 
also made the remarkable discovery that there are 
some plants which exist under two forms ; that is, 
produce on distinct stocks two kinds of hermaphrodite 
flowers. The one form bears small flowers constructed 
for seK-fertilisation ; whilst the other bears lai'ger and 
much more conspicuous flowers plainly constructed 
for cross-fertilisation by the aid of insects ; and without 
their aid these produce no seed. 

The adaptation of flowers for cross-fertilisation is a 
subject which has interested me for the last thirty- 
seven years, and I have collected a large mass of ob- 
sen ations, but these are now rendered superfluous by 
the many excellent works which have been lately pub- 
lished. In the year 1857 I wrote * a short paper on 
the fertilisation of the kidney bean ; and in 18(32 my 
work ‘ On the Contrivances by which British and 
Foreign Orchids are Fertilised by Insects ’ appeared. 
It seemed to me a better plan to work out one group 
of plants as carefully as I could, rather than to pub- 
lish many miscellaneous and imperfect observations. 
My present work is the complement of that on 
Orchids, in which it was shown how admirably these 
plants are constructed so as to permit of, or to favour, 
or to necessitate cross-fertilisation. The adaj)tation8 



• • Ganlencre’ Chronicle,’ 1857, ‘ Annals and Mug. of Nat. Hist.’ 
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for cross-fertilisation are perhaps more obvious in the 
Orchidcjc than in any other group of plants, but it is 
an error to speak of them, as some authors have done, 
as an exceptional case. The lever-like action of the 
stamens of Salvia (described by Hildebrand, Dr. AV. 
Ogle, and others), by which the anthers are depressetl 
and rubbed on the backs of bees, shows as perfect a 
structure as can be found in any orchid. Papilion- 
aceous flowers, as described by various authors — for 
instance, by Mr. T. H. Farrer — offer innumerable 
carious adaptations for cross-fertilisation. The case of 
Posoqueria fragrans (one of the Kiibiaceae), is ns won- 
derful as that of the most wonderful orchid. The 
stamens, accortling to Fritz Aliiller,* are irritable, so 
that as 80A>n as a moth visits a flower, the anthers ex- 
plode and cover the insect with pollen ; one of the 
filaments which is broader than the others then moves 
and closes the flower for about twelve hours, after 
which time it resumes its original position. Thus the 
stigma cannot be fertilised by pollen from the same 
flower, but only by that brought by a moth from some 
other flower. Endless other beautiful contrivances for 
this same purjwse could bo sjtecifitHl. 

Long before I had attended to the fertilisation of 
flowers, a remarkable book api)eiired in 1793 in Ger- 
many, ‘Das Entdeckte Geheimniss der Natur,’ by 
C. K. Sprengel, in which he clearly proved by innumer- 
able observations, how essential a part insects play in 
the fertilisation of many plants. But he was in ad- 
vance of his age, and his discoveries were for a long 
time neglecte<l. Since the appearance of my book on 
Orchids, many excellent works on the fertilisation of 
flowers, such as those by Hildebrand, Delpino, Axell, 
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and Hermann Jliiller,* and numerous shorter papers, 
have been published. A list would occupy several 
pages, and this is not the proper place to give their 
titles, as we are not here concerned with the means, 
but with the results of cross-fertilisation. No one 
who feels interest in the meehanism by which nature 
effects her ends, can read these books and memoirs 
without the most lively interest. 

From my orra observations on plants, guided to a 
certain extent by the experience of the breeders of 
animals, I became convinced many years ago that it 
is a general law of nature that flowers are adapted to 
be crossed, at least occasionally, by pollen from a 
distinct plant. Sprengel at times foresaw this law, but 
only partially, for it does not appear that he was aware 
that there was any diflerence in power between pollen 
from the same plant and from a distinct plant. In the 
introduction to his book (p. 4) he says, as the sexes 
are separated in so many flowers, and as so many other 
flowers are dichogamous, “ it appears that nature has 
not willed that any one flower should be fertilised by 
its own pollen.” Nevertheless, he was far from keeping 
this conclusion always before his mind, or ho did not 



* Bir Jolin Lnbhook baa eivrn 
on interwting aiunnuirv of thi- 
whole snbject in hi* ‘ Britiali Wild 
Howers conridrnxl in relation to 
Inaecta,’ 1879. HermunnMUlUrs 
work ‘ Dio Itefruchtiing der Blu- 
meii durch Inaekteii,’ 187.S, oun- 
tains an immense number of 
uri^iial obiwrvatinna and gene- 
raheatinna. It ia, mnreoTt r, in- 
valuable aa a repertory with re- 
ferenos to almost eTeiytliing 
wl.icli has been publislied on the 
aubjoet. Ilia work differs from 
that of all others in specifying 
what kinds of iuaocts, as far as 



known, visit the flowers of each 
spooies. He likewise enters on 
new grouml. by showing not only 
that flowers nn- adapted for their 
own good to the visits of eertain 
inreeta ; but that the insects 
themselvc 8 are excellently adapted 
ibr procuring nectar nr |mUen 
from eertain flowers. The value 
of H. Hiiller’s work can hardly be 
over-estimated, and it is much to 
be desirerl that it sl.onld be trans- 
hited into English. Severin 
AxcH’s work is written in Swedish, 
so that 1 have not been able to 
read it 
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sec its full ini|)ortance, as may be perceived by any- 
one who will read his ubser>'ations carefully ; and he 
consenueutly mistook the meaning of various struc- 
tures. But his discoveries are so numerous and his 
work so excellent, that he can well afford to bear a 
small amount of blame. A most capable judge, H. 
Muller, likewise says :* “ It is remarkable in how very 
many cases Sprengel rightly perceived that pollen is 
necessarily transported to the stigmas of other flowers 
of the same species by the insects which visit them, 
and yet did not imagine that this transportation was 
of any service to the plants themselves.” 

Andrew Knight saw the truth much more clearly, 
for he remarks,! “ Nature intended that a sexual in- 
tercours«> should take place between neighbouring 
plants of the same species.” After alluding to the 
various means by which jiollen is trans|)orted from 
flower to flower, as far as was then imperfectly known, 
he ailds, “ Nature has something more in view than that 
its own projjer males should fecundate each blossom.” 
In 1811 Kolrt'Uter plainly hinted at the same law, as 
did afterwards another famous hybridiser of plants, 
Herlx.'rt.J But none of these distinguished observers 
appear hi have been sufficiently impressed with the 



• ’Di" Befnichtun;; tier Blu- 
men.’ 187S. p. 4. Hia wont) are : 
** tji iat merkwaalif;. in vie zahl- 
reirhen FUllin SprenKcI richtig 
erkannto, daM diircli die BeHUch- 
enden Iiuokk‘ii der BlUlhimatiiuli 
mit Kntliwendiekeit auf die Nar- 
ben anderer BlUtlien denwiheii 
Art abertivgeu wird, ohne aul die 



I Kdireutcr, ‘ Mem. de I'Arad. 
de St. PetCTibnurg,’ tom. iii. 1»I9 
ipnbliahed 1811), p. 197. After 
siiuwiiig how well the Halvacec 
are ailapkMl for ernas-fertiliaatinn, 
lie aiikii, “ All id allquid in reoueau 
habeat, quod hujuMieinudi florea 
nunquum proprio auo pnlvcre, ard 
aem^r eo adiarum anao a|ieciei 



die»-r Wirkung der Xutarn dea 
Inaaktoiibeaurhea filr die Pfianzeii 
aelbat gcauclit werden mUase." 
t ' Philomphiral Tranaaetiona,’ 



— , — B -»< nienio quierituri 

Certe nature nil fiuiit frustra.” 
Herbert, * Amanllidacem, with a 
Trratiao on Croaa-bred Vegc- 
tablea,’ 1837. 
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truth and generality of the law, so as to insist on it 
and impress their belief on others. 

In 1862 I summed up my observations on Orchids 
by saying that nature “abhors perpetual self-fertilisa- 
tion.’’ If the word perpetual had Ixs^n omitted, the 
aphorism would have been false. As it stands, I 
believe that it is true, though perhaps rather too 
strongly expressed ; and I should have added the 
self-evident proposition that the propagation of the 
species, whether by self-fertilisation or by cross-fertili- 
sation, or asexually by buds, stolons, &c. is of |>aramount 
importance. Hermann Jliiller has done excellent 
service by insisting repeatedly on this latter point. 

It often occurred to me that it would be advisable 
to try whether seedlings from cross-fertilistxl flowers 
were in any way superior to those from self-fertilised 
flowers. But as no instance was known with animals 
of any evil appearing in a single generation from the 
closest possible interbreeding, that is between brothers 
and sisters, I thought that the same rule would hold 
good with plants ; and that it would be necessary at 
the sacrifice of too much time to self-fertilise and inter- 
cross plants during several successive generations, in 
order to arrive at any result. I ought to have re- 
flected that such elaborate provisions favouring cross- 
fertilisation, as we see in innumerable plants, wouhl 
not have been acquired for the sake of gaining a 
distant and slight advantage, or of avoiding a distant 
and slight evil. Moreover, the fertilisation of a flower 
by its own pollen corresjKUids to a closer form of inter- 
breeding than is possible with ordinary bi-sexual 
animals; so that an earlier result might have been 
expected. 

I was at last led to make the experiments recorded 
in the present volume from the following circumstance. 
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For the sake of determining certain points with respect 
to inheritance, and without any thought of the effects 
of close interbreeding, I raised close together two 
large beds of self-fertilised and crossed seedlings from 
the same plant of Linaria vulgaris. To my surprise, 
the crossed plants when fully grown were plainly biller 
ami more rigorous than the self-fertilised ones. Bees 
incessantly visit the flowers of this Linaria and carry 
pollen from one to the other ; and if insects are ex- 
cludeil, the flowers produce extremely few seeds; so 
that the wild plants from which my seedlings were 
raised must have been intercrossed during all previous 
generations. It seemed therefore quite incredible that 
the difference between the two beds of seedlings could 
have been due to a single act of self-fertilisation ; and 
I attributed the result to the self-fertilised seeds not 
having been well ripened, improbable as it was that all 
should have been in this state, or to some other 
accidental and inexplicable cause. During the next 
year, I raised for the same purpose as before two large 
beds close together of self-fertilised and crossed seed- 
lings from the carnation, Dianthus caryo'phyUus. This 
plant, like the Linaria, is almost sterile if insects are 
excludwl ; and we may draw the same inference as 
before, namely, that the parent-plants must have been 
intercrossed during every or almost every previous 
generation. Nevertheless, the self-fertilised seedlings 
were plainly inferior in height and vigour to the 
crossed. 

My attention was now thoroughly aroused, for I could 
hardly doubt that the difference between the two beds 
was due to the one set being the offspring of crossed, 
and the other of self-fertiliswl flowers. Accordingly 1 
selecteil almost by hazard two other plants, which 
happened to be in flower in the greenhouse, namely» 
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Mimulm luteiis and Ipomcea purpurea, l>oth of which, 
unlike the Linaria and Dianthu.s, are highly self- 
fertile if insects are excluded. Some flowers on a 
single plant of both species were fertilised with their 
own pollen, and others were crossed with pollen from 
a distinct individual ; both plants being protected by a 
net from insects. The crossed and self-fertilised seeds 
thus produced were sown on opposite sides of the same 
pots, and treated in all respects alike ; and the plants 
when fully grown were measured and compired. With 
both species, as in the cases of the liinaria and 
Dianthus, the crossed seedlings were conspicuously 
superior in height and in other ways to the self- 
fertilised. I therefore determined to begin a long 
series of experiments with various plants, and these 
were continued for the following eleven years ; and we 
shall see that in a large majority of cases the crossed 
beat the self-fertilised plants. Several of the excep- 
tional cases, moreover, in which the crossed plants 
were not victorious, can be explained. 

It should bo observed that I have spoken for the 
sake of brevity, and shall continue to do so, of crossed 
and self-fertilised seeds, seedlings, or plants; these 
terras implying that they are the product of crossed or 
self-fertilised flowers. Cross-fertilisation always means 
a cross between distinct plants which were raised from 
seeds and not from cuttings or buds. Self-fertilisation 
always implies that the flowers in question were im- 
pregnated with their own pollen. 

My experiments were tried in the following manner. 
A single plant, if it produeed a sufficiency of flowers, or 
two or three plants were placed under a net stretched 
on a frame, and large enough to cover the plant 
(together with the pot, when one was used) without 
touching it. This latter point is important, for if 
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the flowers touch the net they may be cross-fertilised 
by bees, as I have known to hapijcn ; and when the net 
is wet the pollen may be injured. I used at first 
“ w lute cotton net,” with very fine meshes, but after- 
wards a kind of net with meshes one-tenth of an 
inch in diameter; and this I found by experience 
eflectually excluded all insects excepting Thrips, which 
no net will exclude. On the plants thus protected 
sevend flowers were marked, and were fertilised with 
their own pollen ; and an equal number on the same 
plants, marked in a different manner, were at the same 
time crossed with pfJlen from a distinct plant. The 
crossed flowers were never castrated, in order to make 
the experiments as like as possible to what occurs 
under nature with plants fertilised by the aid of 
insects. Therefore, some of the flowers which were 
crosst'd may have failed to be thus fertilised, and 
afterwards have been self-fertilised. But this and 
some other sources of error will presently be discussed. 
In some few cases of sixmtaneously self-fertile species, 
the flowers were allowed to fertilise themselves under 
the net ; and in still fewer cases uncovered plants were 
allowed to be freely crossed by the insects which in- 
cessantly visited them. There are some great advan- 
tages and some disadvantages in my having occasion- 
ally varied my method of proceeding ; but when there 
was any difference in the treatment,^ it is always so 
stated under the head of each species. 

Care was taken that the see<ls were thoroughly 
ripened before being gathered. Afterwards the crossed 
and self-fertilised seeds were in most cases placed on 
damp sand on opposite sides of a glass tumbler covered 
by a glass plate, with a partition between the two lots ; 
and the glass was placed on the chimney-piece in a 
warm room. I could thus observe the germination of 
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the seeds. Sometimes a few would germinate on one 
side before any on the other, and these were thrown 
away. But us often as a pair germinated at the same 
time, they were planted on opposite sides of a pot, w ith 
a superficial partition between the two; and I thus 
proceeded until from half-a-dozen to a score or more 
seedlings of exactly the same ago were jilanted on 
the opposite sides of st>veral pots. If one of the young 
seedlings became sickly or was in any way ii^ured, 
it was pulle<l up and thrown away, as well as its 
antagonist on the opposite side of the same pot. 

As a largo numbt'r of seeds were placed on the sand 
to germinate, many remainetl after the pairs had been 
selected, some of which were in a state of germination 
and others not so ; and these were sown crowded 
together on the opposite sides of one or two rather 
larger pots, or sometimes in two long rows out of doors. 
In these cases there wm the most severe struggle for 
life among the crossed set?dlings on one side of the 
pot, and the self-fertilised see<llings on the other side, 
and bt‘twe<>n the two lots which grew in competition 
in the same pot A vast numlx'r so<jn perished, 
and the tallest of the survivors on both sides when 
fully grown were measured. Plants treated in this 
manner, were subjected to nearly the same conditions 
as those growing in a state of nature, which have to 
struggle to maturity in the midst of a host of 
competitors. 

On other occasions, from the want of time, the seeds, 
instead of being allowed to germinate on damp sand, 
were sown on the opposite sides of pots, and the fully 
grown phmts measure<l. But this plan is less accurate, 
as the seeds sometimes germinated more quickly on 
one side than on the other. It was however necessary 
to act in this manner with some few species, ns certain 
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kinds of seeds would not geminate well when exposed 
to the light ; though the glasses containing them were 
kept on the chimney-piece on one side of a room, 
and some way from the two windows which faced 
the N.E.* 

The soil in the pots in which the seedlings were 
planted, or the seeds sown, was well mixed, so as to 
he unifom in composition. The plants on the two 
sides were always watere<l at the same time and as 
equally as possible ; and even if this hud not been 
done, the water would have spread almost equally to 
both sides, as the pots were not large. The crossed 
and self-fertilise<l plants were separated by a super- 
ficial partition, which was always kept directed towards 
the chief source of the light, so that the plants on both 
sides were equally illuminated. I do not believe it 
jxjssible that two sets of plants could have been sub- 
jected to more closely similar conditions, than were 
my cn»sed and self-fertilised seedlings, as grown in 
the above described manner. 

In comparing the two sets, the eye alone was never 
trusted. Generally the height of every plant on both 
sides was carefully measured, often more than once, 
viz., whilst young, sometimes again when older, and 
finally when fully or almost fully grown. But in 
some cases, which are always specified, owing to the 
want of time, only one or two of the tallest plants on 
each side were measured. This plan, which is not a 
good one, was never followed (except with the crowded 



• Thi* occmrwl in the pluouiit 
manner with the •««]« of Paparrr 
ngam and Dr/jAmiaia eontolida. 
and Im plainly with those of 
Adonu lulifalit and OaoiiMininu- 



apccka genninated on the bare 
sanil, though left there for tome 
wn-ki ; but when them auiie aoedt 
were placed on earth in pots, and 
oovenxi with a thin layer of sand, 
they genninuted uniucdintcly in 
large numbers. 
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plants raised from the seeds remaining after the pairs 
had been planted) unless the tallest plants on each 
side seemed fairly to represent the average difference 
between those on both sides. It has, however, some 
great advantages, as sickly or accidentally injured 
plants, or the offspring of ill-ripened seeds, are thus 
eliminated. When the tallest plants alone on each side 
were measured, their average height of course exceeds 
that of all the plants on the same side taken together. 
But in the case of the much crowded plants raised 
from the remaining seeds, the average height of the 
tallest plants was less than that of the plants in pairs, 
owing to the unfavourable conditions to which they 
were subjected from being greatly crowded. For our 
purpose, however, of the comparison of the crossed and 
self-fertilised plants, their absolute height signifies 
little. 

As the plants were measured by an ordinary English 
standard divided into inches and eighths of an inch, 1 
have not thought it worth while to change the frac- 
tions into decimals. The average or mean heights 
were calculated in the ordinary rough method by 
adding up the measurements of all, and dividing the 
product by the number of plants measured ; the result 
being hero given in inches and decimals. As the 
different species grow to various heights, I have always 
for the sake of easy comparison given in addition the 
average height of the crossed plants of each species 
taken as 100, and have calculated the average height 
of the self-fertilised plant in relation to this standard. 
With respect to the crowded plants raised from tlie 
seeds remaining after the pairs had been planted, 
and of which only some of the tallest on each side 
were measured, I have not thought it worth while to 
complicate the results by giving separate averages 
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for them and fur the pairs, but have added up all 
their heights, and thus obtained a single average. 

I long doubted whether it was worth while to give 
the measurements of each separate plant, but have 
decided to do so, in order that it may be seen that the 
superiority of the crossed plants over the self-fertilised, 
does not commonly depend on the presence of two or 
three extra fine plants on the one side, or of a few 
very poor plants on the other side. Although several 
observers have insisted in general terms on the off- 
spring from intercrossed varieties being superior to 
either j)arent-form, no precise measurements have been 
given;* and 1 have met with no observations on 
the eflects of crossing and self-fertilising the indi- 
viduals of the same variety. Moreover, experiments of 
this kind require so much time — mine having been 
continued during eleven years — that they are not 
likely soon to be repeated. 

•\s only a motlerate number of crossed and self- 
fertilised plants were measured, it was of great impor- 
tance to me to learn how far the averages were trust- 
worthy. I therefore asked Mr. Galton, who has had 
much exjierieuce in statistical researches, to examine 
some of my tables of measurements, seven in number, 
namely, those of I]K>m(ea, Digitalis, lleseda lutea, 
Viola, Limuanthes, Petunia, and Zea. I may premise 
that if we took by chance a dozen or score of men 
belonging to two nations and measured them, it would 
I presume be very rash to form any judgment from 
such small numbers on their average heights. But 
the case is somewhat diflerent with my crossed and 
self-fertilised plants, as they were of exactly the same 



* A nunmary nf these ststc- and Plants under DomoBlieation,’ 
msntii, with refen'iices, may bo chap, xvii., 2nd edit., 1875, vol. 
bund in my ‘ Yuriatiun of Animals ii. p. 109. 
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age, were subjected from first to last to the same 
conditions, and were descended from the same parents. 
When only from two to six pairs of plants were 
measured, the results are manifestly of little or no 
value, except in so far as they confirm and are con- 
firmed by experiments made on a larger scale with 
other 8j)ecies. I will now give the report on the seven 
tables of measurements, which Mr. Galton has had the 
great kindness to draw up for me. 

“ 1 have examined the measurements of the plants with care, 
and by many statistical metho<ls, to find out how far the means 
of the several sets represent constant realities, such as would 
come out the same so long as the general conditions of growth 
remained unaltered. The principal methods that were adopted 
are easily explained by selecting one of the shorter series 
of plants, say of Zea mays, for an example.” 



Zea mays (young plants). 
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“ The oheervations as I received them are shown in columns II. 
and III., where they certainly have no prim& facie appearance of 
regularity. But as soon as we arrange them in the order of 
their magnitudes, as in columns IV. and V., the case is materially 
altere<L We now see, with few exceptions, that the largest 
plant on the crossed side in each pot exceeds the largest plant 
on the self-fertilised side, that the second exceeds the second, 
the third the third, and so on. Out of the fifteen cases in tlie 
table, there are only two exceptions to tliis rule. We may 
therefor*' confidently affirm that a crossed series will always 
be found to exceed a self-fertilised series, within the range of 
the eonditiou-s under which the present experiment has Iieen 



PM. 


1 Cnsied. 


I 8»ir.fcrt. 


1 DilTerence. 




18| 


191 


+«i 


II. 


20| 


19 


' -iJ 


III. 


21 J 


' 161 


1 


IV, 


19| 




1 -3| 



" Next as regards the numerical estimate of this excess. The 
mean values of the several groups are so discordant, as is shown 
in the taMe just given, that a fairly precise numerical estimate 
seems impossihlc. But the consideration arises, whether the 
difierence lietween pot and pot may not bo of much the same 
order of importance as that of the other conditions upon which 
the growth of the plants has been modified. If so, and only 
on tlut condition, it would follow that when all the measure- 
ments, either of the crossed or the self-fertilised plants, were 
oomhiued into a single series, that scries would bo statistically 
regular. The experimeut is tried iu columns MI. and VIII., 
where the regularity is abundantly clear, and justifies us in 
eanaidering its mean as perfectly reliable. I have protracted 
these measurements, and revised them in the usiml way, by 
drawing a curve through them with a free hand, but the re- 
vision barely modifies the means derived from the original 
obacrvatiuuH. In the present, and in nearly all the other cases, 
the difierence between the original and revised means is rmder 
i per cent, of their value. It is a very remarkable coincidence 
C 
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that in the seven kinds of plants, whose measurements I have 
examined, the ratio between the heights of the crossed and of 
the self-fertilised ranges in five cases within very narrow limits. 
In Zea nu(t/s it is as 100 to 84, and in the others it ranges 
between 100 to 76 and 100 to 86.” 

“ The detenuination of the variability (measured by what is 
technically called the ‘ prot>able error ’) is a problem of more 
delicacy than that of determining the means, and I doubt, after 
making many trials, whether it is possible to derive useful 
conclusions from these few observations. We ought to have 
mcasnremeuts of at least fifty plants in each case, in order to 
be in a position to deduce fair re.snlts. One fact, however, 
tearing on variability, is very evident in most cases, though not 
in Zea mays, viz., that the self-fertilised plants include the 
larger number of exceptionally small specimens, wliile the 
crossed are more generally full grown.” 

“Those groui)s of cases in which measurements have been 
made of a few of the tallest plants that grew in rows, each of 
which contained a multitude of plants, show very clearly that 
the crossed plants exceed the self-fertilised in height, but they 
do not tell by inference anything ateut their resix!ctive mean 
values. If it should happen that a series is known to follow 
the law of error or any other law, and if the number of indi- 
viduals in the series is known, it would be always possible to 
reconstruct the whole series when a fragment of it has been 
given. But I find no such method to be applicable in tlie 
present case. The doubt as to tlie number of plants in each row 
is of minor importance; the real difficulty lies in our ignorance 
of the precise law followed by the series. The experience of 
the plants in pots does not help us to determine that law, 
l)ecau.se the observations of such plants are' too few to enable 
us to lay down more than the middle terms of the scries to 
which they belong with any sort of acciuacy, whereas the cases 
we are now considering refer to one of its extremities. There 
are other special difficulties which need not be gone into, as the 
one already mentioned is a complete bar.” 

Mr. Galtoii sent me at the same time graphical 
representations which he had made of the measure- 
ments, and they evidently form fairly regular curvea 
lie appends the words “ very good ” to those of Zea and 
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Limnanthes. He also calculated the average height 
of the crossed and self-fertilised plants in the seven 
tables by a more correct method than that followed 
by me, namely, by including the heights, as estimated 
in accordance with statistical rules, of a few plants 
which died before they were measured; whereas I 
merely added up the heights of the survivors, and 
dirideil the sum by their number. The difference in 
our results is in one way highly satisfactory, for 
the average heights of the self-fertilised plants, as 
deduced by Mr. Galton, is less than mine in all the 
cases excepting one, in which our averages are 
the same ; and this shows that I have by no means 
exaggerated the superiority of the crossed over the 
self-fertilisc<l plants. 

After the heights of the crossed and self-fertilised 
plants had been taken, they were sometimes cut down 
close to the ground, and an iKinal number of both 
weighed. This method of comparison gives very 
striking results, and I wish that it had been oftener 
followe<l. Finally a record was often kept of any 
marki-tl difference in the rate of germination of the 
crossed and self-fertilised seeds, — of tlie relative periods 
of flowering of the plants raised from them, — and of 
their productiveness, that is, of the number of seed- 
oapsules which they produced and of the average 
number of seeds which each capsule contained. 

When I began my experiments I did not intend to 
raise cmsse<l and self-fertilised plants for more than a 
single generation; but as soon as the plants of the 
drst generation were in flower I thought that I would 
raise one more generation, and acted in the following 
manner. Several flowers on one or more of the self- 
fertilised plants were again self-fertilised ; and several 
0 2 
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flowers on one or more of the crossed plants were ferti- 
lised with pollen from another crossed plant of the 
same lot. Having thus once begun, the same method 
was followed for as many as ten successive generations 
with some of the species. The seeds and seedlings were 
always treated in exactly the same manner as already 
described. The self-fertilised plants, whether originally 
descended from one or two mother-plants, were thus in 
each generation as closely interbred as was possible ; 
and I could not have improved on my plan. But 
instead of crossing one of the crossed plants with 
another crossed plant, I ought to have crossed the self- 
fertilised plants of each generation with pollen taken 
from a nou-related plant — that is, one belonging to a 
distinct family or stock of the same species and variety. 
This was done in several cases as an additional experi- 
ment, and gave very striking results. But the plan 
usually followed was to put into competition and 
compare intercrossed plants, which were almost always 
the offspring of more or less closely related plants, with 
the self-fertilised plants of each succeeding genera- 
tion ; — all having been grown under closely similar 
conditions. I have, however, learnt more by this method 
of proceeding, which was begun by an oversight and 
then necessarily followed, than if I had always crossed 
the self-fertilised plants of each succeedii^ generation 
with pollen from a fresh stock. 

I have said that the crossed plants of the successive 
generations were almost always inter-related. When 
the flowers on an hermaphrodite plant are crossed 
with pollen taken from a distinct plant, the seedlings 
thus raised may be considered as hermaphrodite brothers 
or sisters ; those raised from the same capsule being as 
close as twins or animals of the same litter. But in 
one sense the flowers on the same plant are distinct 
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individuals, and as several flowers on the mother-plant 
were cro8se<l by ix)llen taken from several flowers on 
the father-plant, such seedlinps would be in one sense 
half-brothers or sisters, but more closely related than 
an> the half-brothers and sisters of onlinary animals. 
The flowers on tlie inother-planf were, however, com- 
monly crt)8se<l by pollen taken from two or more dis- 
tinct plants : and in these cases the seedlings might 
lie called with more truth half-brothers or sisters. 
When two or three mother-plants were crosse<l, as often 
happened, by pollen taken from two or three father- 
plants (the seeds being all intermingled), some of the 
seedlings of the first generation would be in no way 
relate<l, whilst many others would be whole or hall^ 
brothers and sisters. In the second generation a large 
number of the seedlings would be what may be called 
wlnde or half first-cousins, mingled with whole and 
half-brothers and sisters, and with sf)me plants not at 
all relate<l. So it would be in the snccee<ling genera- 
tions, but there would also be many cousins of the 
second and more remote degrees. The relationship will 
thus have become more and more inextricably complex 
in the later generations ; with most of the plants in 
some degree and many of them closely relatetl. 

I have only one other point to notice, but this is one 
of the highest importance ; namely, that the crosse<l 
and self-fertilised plants were subjectetl in the sam»? 
generation to ns nearly similar and uniform conditions as 
was pc)ssible. In the suecessive generations they were 
expwt**! to slightly different conditions as the seasons 
varied, and they were raised at different periods. But 
in other respects all were treate<l alike, being grown 
in pots in the same artificially prepared soil, being 
I watered at the same time, nn<l kept close together 
in the same greenhouse or hothouse. They were 
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thoroforo not exposed during successive years to such 
great vicissitudes of climate as are plants growing out 
of doors. 

On some apparent and real Causes of Error in my Ex- 
periments . — It has been objected to such experiments 
as mine, that covering plants with a net, although only 
for a short time whilst in flower, may afl'ect their health 
and fertility. I have seen no such efiect except in one 
instance with a Myosotis, and the covering may not 
then Imvo been the real cause of injury. But even if 
the net were slightly injurious, and certainly it was not 
so in any high degree, ns I could judge by the appear- 
ance of the plants and by comparing their fertility with 
tlmt of neighbouring uncovered plants, it would not 
have vitiated my experiments ; for in all the more im- 
portant cases the flowers were crossed as well as self- 
lertilised under a net, so that they were treated in this 
respect exactly alike. 

As it is impossible to exclude such minute pollen- 
carr)'ing insects as Thrips, flowers which it was intended 
to fertilise with their own pollen may sometimes have 
been afterwards crossed with |X)llen brought by these 
insects from another flower on the same plant ; but as 
we shall hereafter see, a cross of this kind does not 
produce any efiect, or at most only a slight one. When 
two or more plants were placed near one another 
under the same net, as was often done, there is some 
real though not great danger of the flowers which 
were believed to be self-fertilised being afterwanls 
crossed with pollen brought by Thrips from a distinct 
]>lant. I have said that the danger is not great, 
because I have often found that plants which arc 
self-sterile, nnh>ss aidetl by insects, remained sterile 
when several plants of the same species were placed 
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under the same net. If, however, the flowers which 
had been presunmblyj^lf-fertilisetl by me were in any 
case afterwartls cros^ by Thrips with pollen brought 
from a distinct plant, crosseil seedlings wouM have 
been included amongst the self-fertilisetl ; but it should 
be especially observwl that this occurrence would tend 
t4) diminish and not to increase any superiority in 
average height, fertility, &c., of the crossed over the 
self'fertilised plants. 

As the flowers which were cros.se<l were never cas- 
trated, it is probable or even almost certain that I 
sometimes faiksl to cross-fertilise them effectually, and 
that they were afterwards spontaneously self-fertilised. 
This would have been most likely to occur with dicho- 
gamous species, for without much care it is not easy to 
perceive whether their stigmas are ready to be fer- 
tilised when the anthers open. But in all cases, 
as the flowers were protected from wind, rain, and the 
access of insects, any pollen placed by me on the 
stigmatic surface whilst it was immature, would gener- 
ally have remaincil there until the stigma was mature ; 
and the flowers would then have been crosse<l as was 
intended. Nevertheless, it is highly probable that 
■elf-fertilised seedlings have sometimes by this means 
got included amongst the crosse<l seedlings. The effect 
would be, as in the former ease, not to exaggerate 
but to diminish any average superiority of the crossed 
over the self-fertilised plants. 

Errors arising from the two causes just named, and 
from others, — such as some of the seeds not having 
been thoroughly ripened, though can* was taken to 
avoid this error — the sickness or unperceived injury of 
any of the plants, — will have been to a large extent 
eliminat<*<l, in those cases in which many crossed and 
•elf-fertilised plants were measured and an average 
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struck. Some of these causes of error will also have 
been eliminated by the seeds having been allowed to 
germinate on bare damp sand, and being planted in 
jmirs; for it is not likely that ill-matured and well- 
matiired, or diseased and healthy seeds, would germi- 
nate at exactly the same time. The same result will 
have been gained in the several cases in which only a 
few of the tallest, finest, and healthiest plants on each 
side of the pots were measured. 

Ivolreuter and Gartner* have proved that with some 
plants several, even as many as from fifty to sixty, 
pollen-grains are necessary for the fertilisation of all 
the ovules in the ovarium. Naudin also found in 
the case of Mirabilis that if only one or two of its 
very largo pollen-grains were placed on the stigma, 
the plants raised from such seeds were dwarfed. 

I was therefore careful to give an amply sufficient 
supply of pollen, and generally covered the stigma 
with it ; but I did not take any special pains to place 
exactly the same amount on the stigmas of the self- 
fertilised and crossed flowers. After having acted in 
this manner during two seasons, I remembered that 
Giirtner thought, though without any direct evidence, 
that an excess of pollen was perhaps injurious ; and it 
has been prove<l by Spallanzani, Quatrefages, and 
Newjjort,! that with various animals an excess of the 
seminal fluid entirely prevents fertilisation. It was 
therefore necessary to ascertain whether the fertility of 
the flowers was affected by applying a rather small and 
an extremely large quantity of pollen to the stigma. I 
Accordingly a very small mass of pollen-grains was 

• ‘ Konntniss der Bofrucli- tom. i. p. 27. . 

tiing,’ 1844, p. 345. Naudin, t ‘ Transactiona Philofiopliical 
‘ NnuvoUoa Archives du Museum,’ Soc.' 1853, pp. 253-258. i 
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placed on one side of the large stigma in sixty-four 
flowers of Ipomoea purpurea, and a great mass of pollen 
over the whole surface of the stigma in sixty-four other 
flowers. In order to vary the experiment, half the 
flowers of both lots were on plants produced from self- 
fertilised seeds, and the other half on plants from 
cmaseil seeds. The sixty-four flowers with an excess 
of pollen yielded sixty-one capsules; and excluding 
four capsules, each of which contained only a single 
poor seed, the remainder contained on an average 5 • 07 
seeds per capsule. The sixty-four flowers with only a 
little pollen placed on one side of the stigma yielded 
sixty-three capsules, and excluding one from the same 
cause as before, the remainder contained on an average 
5 ‘129 seeds. So that the flowers fertilised with little 
pollen yielded rather more capsules and seeds than did 
tho8<' fertilised with an excess ; but the diflerence is 
too slight to be of any significance. On the other 
hand, the seeds produced by the flowers with an excess 
of pollen were a little heavier of the two ; for 170 of 
them weighed 70 ‘67 grains, whilst 170 seeds from the 
flowers with very little pollen weighed 79 • 20 grains. 
Both lots of seetls having been placed on damp sand 
pres4'nte<l no diflerence in their rate of germination. 
We may therefore conclude that my experiments were 
not afle<de<l by any slight diflerence in the amount of 
pollen use<l; a siifliciency having been employed in 
all cases. 

The order in which our stibjcct will be treated in 
the present volume is as follows. A long series of ex- 
periments will first bo given in Chapters II. to VI. 
Tables will afterwards bo appended, showing in a con- 
densed form the relative heights, weights, and fertility 
of the oflspring of the various crossed and self-fertilised 
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species. Another table exhibits the striking results 
from fertilising plants, which during several genc'rations 
had either been self-fertilised or had bron crossed 
with plants kept all the time under closely similar 
conditions, with pollen taken from plants of a distinct 
stock and which had been exposed to different con- 
ditions. In the concluding chapters various related 
points and questions of general interest will be 
discnsseil. 

Anyone not specially interested in the subject need 
not attempt to read all the details ; though they 
possess, I think, some value, and cannot be all sum- 
marised. But I would suggest to the reader to take 
as an example the experiments on Ipomoea in Chapter 
II. ; to which may be added those on Digitalis, Origa- 
num, Viola, or the common cabbage, as in all these 
cases the crossed plants are superior to the self- 
fertilised in a marked degree, but not in quite the 
same manner. As instances of self-fertilised plants 
being equal or superior to the crossed, the experiments 
on Bartonia, Canna, and the common pea ought to be 
read; but in the last case, and probably in that of 
Canna, the want of any superiority in the crossed 
plants can be explaine<l. 

Species were selected for experiment belonging to 
widely distinct families, inhabiting various coiintrie8.| 
In some few oases several genera belonging to the 
same family were tried, and these are grouped toge- 
ther ; but the families themselves have been arranged 
not in any natural onler, but in that which was the 
most convenient for my purpose. The experimentii 
have been fully given, as the results appear to me of 
sufficient value to justify the details. Plants bearing 
hermaphrodite flowers can be interbred more closely 
than is possible with bisexual animals, and are there- 
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fore well-fitted to throw^ight on the nature and extent 
of the good effects of crossing, and on the evil effects 
of close interbreeding or self-fertilisation. The most 
important conclusion at which I have arrivetl is that 
the mere act of crossing by itself does no good. The 
good depends on the individuals which are crossed 
differing slightly in constitution, owing to their pro- 
genitors having been subjected daring several genera- 
tions to slightly different conditions, or to what we 
call in our ignorauce spontaneous variation. This 
conclusion, as we shall hereafter see, is closely con- 
necte<l with various important physiological problems, 
such as the benefit derived from slight changes in the 
conditions of life, and this stands in the closest con- 
nection with life itself. It throws light on the origin of 
the two sexes and on their separation or union in the 
same indiviilual, and lastly on the whole subject of 
hybridism, which Ls one of the greatest obstacles to the 
general acceptance and progress of the great principle 
of evolution. 

In ortler to avoid misapprehension, I beg leave to 
repeat that throughout this volume a crossed plant, 
seedling, or seed, means one of crossed pareniage, that 
is, one derived from a flower fertilised with pollen 
from a distinct plant of the same species. And that 
a self-fertilised plant, seedling, or seed, means one 
of self-fertilised parentage, that is, one derived from 
a flower fertilised with pollen from the same flower, 
or sometimes, when thus stated, from another flower 
on the same plant. 
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CHAPTER II. 

CoNVOLTrtACE.*. 

Ipomoea pnrpnrea, comparison of the height, and fertility of the 
oroaeed and Belf-fertiliaed plants during ten suoeesaive generotiona' 
— Greater constitutiuiinl vigour of the crossed plants— Tlio i ffecte 
on the offspring of crossing different flowers on the same plant, 
instead of crossing dUtinct individuals — The effects of a cross with 
a fresh stock — The descendants of the self-fertilised plant named 
Hero — Summary on the growth, vigour, and fertility of the sue- 
cessive crossed and self-fertilised generations — Small amount of 
pollen in the antiiers of the self-rertilised plants of the later genera* 
tions, and the sterility of their first-produced flowers— Uniform 
colour of the flowers produced by the self-fertilised plants— Th«| 
advantage from a ernes between two distinct plants depends on their 
differing in constitution. 

A PLANT of Ipomoea purpurea, or as it is often called in 
England the convolvulus major, a native of Konth 
America, grew in my greenhouse. Ton flowers on this 
plant were fertilised with pollen from the same flower} 
and ten other flowers on the same plant were crossed 
with pollen from a distinct plant. The fertilisation of 
the flowers with their own pollen was superfluous, ns 
this convolvulus is highly self-fertile ; but I acted in 
this manner to make the experiments correspond in all 
respects. Whilst the flowers are young the stigma 
projects beyond the anthers ; and it might have l>een 
thought that it could not be fertilised without the aid 
of humble-bees, which often visit the flowers ; but os 
the flower grows older the stamens increase in l<>ngth, 
and their anthers brush against the stigma, which thui 
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receives some pollen. The number of seeds produced 
by the crossed and self-fertilised flowers diflered very 
little. 

Crossod and self-fertilised seeds obtained in the above 
manner wore allowed to germinate on damp sand, and as often 
as pairs germinated at the same time they were planted in the 
manner described in the Introduction, on the opposite sides of 
two pots. Five pairs were thus planted ; and all the remaining 
seeds, whether or not in a state of germination, were planted on 
the opposite sides of a third pot, so that the young plants on 
both sides were here greatly crowded and exposed to very 
severe competition. Bods of iron or wood of equal diameter 
were given to all the plants to twine up; and as soon as one of 
each pair reached the summit both were measured. A single 
rod was placed on each side of the crowded pot. No. III., and 
only the tallest plant on each side was measured. 



Table L (First Oeneration.) 



Xo.ofPM. 


Seedlinprs from 1 Seedlings from 

CrooMd PUnt8. ! Self-ferUUsed PUnts. 


L 


JnebeA. lDche«. 

871 

871 66 

89 73 


11. 


88 1 681 


PUB 


77 57 


Total in inches. 


516 1 394 



The average height of the six crossed plants is here 86 inches, 
whilst that of the six self-fertilised plants is only 65 'GG inches, 
so that the crossed plants are to the self-fertilised in height as 
100 to 76. It should be observed that this difference is not due 
to a few of the crossed plants being extremely tall, or to a few of 
the self-fertilised being extremely short, but to all the crossed 
plants attaining a greater height than their antagonists. The 
three pairs in Pot I. were measured at two earlier periods, and 
the di&reuce was sometimes greater and sometimes less than that 
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at the final measuring. But it is an interestiug fact, of which I 
have seen seTeral other instances, tliat one of ttie self-fertilised 
plants, when nearly a foot in height, was half an inch taller than 
the crossed plant; and again, when two feet high, it was 1| of 
an inch taller, but during the ten subsequent days the erossed 
plant began to gain on its antagonist, and ever afterward asserted 
its supronukcy, until it exceeded its self-fertilised opponent by 
16 inches. 

The fire crossed plants in Pots I. and II. were coverod with a 
net, and produced 121 capsules ; the five self-fertilised plants 
produced eighty-four capsules, so that the numliers of eapsulat 
were as 100 to 69. Of the 121 capsules on the crossed plants 
sixty-five were the product of flowurs crossed with pollen from a 
distinct plant, and these contained on an average 5'23 seeds per 
eapsule; the remaining fifty-six capsules were Kpontaneousi 
self-fertilised. Of the eighty-four capsules on the self-fertili« 
plants, all the product of renewed solf-fertilisatiou, fifty-flvs 
(which were alone examined) contained on an average 4 '85 
seeds per capsule. Therefore the cross-fertilised capsules, c 
pared with the self-fertilised capsules, yielded seeds in 
proportion of 100 to 93. The crossed seeds were relativelj 
heavier than the self-fertilised seeds. Combining the abovt 
data (i.e., number of capsules and average number of eontainet 
seeds), the crossed plants, compared with the self-fertilised 
yielded seeds in the ratio of 100 to 64. 

These crossed plantq produced, as already stated, tifty-d 
spontaneously self-fertilised cajisules, and the sc ' 
plants produced twenty-nine such cajisules. The former c< 
tuined on an average, in comparison with the latter, .sec 
in the pro]>ortion of 100 to 99. 

In Pot III., on the opposite sides of which a large number of 
crossed and self-fertilised seeds had been sown and the » 
lings allowed to struggle together, the crossed plants had at 
first no great advantage. At one time the tallest crossed was 
25J inches high, and the tallest self-fertilised plants 21f. lint 
the difference afterwards liecamc much greater. The ])lnnts on 
both sides, from being so crowded, were jioor specimens, 
flowers wore allowed to fertilise themselves spontaneously iii 
a net; the crossed plants praluced thirty-seven ca|isulc8, tin 
self-fertilised plants only eighteen, or as 100 to 47. The forms^^* 
contained on an average 3‘62 seeds jier capsule; and the latta 
3'38 seeds, or as 100 to 93. Combining these data (i.e., ni 
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of caiMuleii and arerage number of seeds), the crowded crossed 
plants prodneed seeds compared with the self-fertilised as 100 
to 45. These latter seeds, however, were decidedly heavier, a 
hundred weighing 41-64 grains, than those from the capsules 
oo the crossed plants, of which a hundred weighed 36-79 grains; 
and this probably was due to the fewer capsules borne by the 
self-fertilised plants having been better nourished. Wo thus see 
that the crossed plants in this the Orst generation, when grown 
under favourable conditions, and when grown under unfavour- 
able conditions from being much crowded, greatly exceeded in 
height, and in the number of capsules produced, and slightly 
in the nnmler of seeds per capsule, the self-fertilised plants. 

Cn—td ami mif-ftrtdUed /’hints of tht Secund Oeneration . — 
Flowers on the crossed plants of the last generation (Table I.) 
were crossed by pollen from distinct plants of the same genera- 
tion ; and flowers on tlie self-fartilised plants were fertilised by 
pollen from the same flower. The seeds thus produced were 
treated in every respect as before, and wo have in Table II. 
the rasulL 



Table II. (Second Generation.) 



Xa-IVs. 1 


OnsiBlPUntt. 


8tlf.(ntllta«l PluU. 


i 

L 


8:< 

83 


1 

1 68J 

i 80| 


IL 


85j 


1 




89 






77 j 


1 41 


TmaIIscIu*. 


5U5 


398 



Hero again every single crossed plant is taller than its anta- 
gonist. The self-fertilised plant in Pot I., wliich ultimately 
reochc)! the unusual height of 80) inches, was for a long time 
taller than the opposed crossed plant, though at last beaten by 
it The average height of the six crossed plants is 81- 16 inches, 
whilst that of the six self-fertilised plants is 66-33 inches, or 
as 100 to 79. 

Cremedandeelf-fertilieeil Plante of the Third Generation . — Seeds 
frxwi the crossed plants of the lost generation (Table II.) again 
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crooscd, and from the self-fertilised plants again self-fertilised, 
were treated in all respects exactly as before, with the following 
result : — 




Again all the crossed plants are higher than their antagonists : 
their average height is 77 '41 inches, whereas that of the self- 
fertilised is 52 '83 inches, or as 100 to 68. 

I attended closely to the fei-tility of the plants of this third 
generation. Thirty flowers on the crossed plants were crossed 
with pollen from otlier crossed plants of the same generation, 
and the twenty-six capsules thus produced contained, on an 
average, 4 '73 seeds; whilst thirty flowers on the self-fertilised 
plants, fertilised with the ]K>llen from the same flower, produced 
twenty-three caiisules, each containing 4 ‘43 seeds. Thus the 
average number of seeds in the crossed capsules was to that in 
the self-fertilised capsules as 100 to 94. A hundred of the 
crossed seeds weighed 43 '27 grains, whilst a hundred of the self- 
fertilised seeds weighed only 37 ‘ 63 grains. Many of these lighter 
self-fertilised seeds placed on damp sand germinated before the 
crossed ; thus thirty-six of the former germinated whilst only 
thirteen of the latter or crossed seeds germinated. In Pot I. 
the three crossed plants produced spontaneously under the net 
(besides the twenty-six artiflcially cross-fertilised capsules) 
scveiity-sevcn self-fertilised caiisules containing on an average 
4 ‘41 seeds; whilst the three self-fertilised plants produced 
sixintaneously (besides the twenty-three artificially self-fertilised 
capsules) only twenty-nine self-fertilised capsules, containing on 
an average 4‘ 14 seeds. Therefore the average number of seeds 
in the two lots of spontaneously self-fertilised ‘capsules was as 
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100 to 94. Taking into consideration the number of capsules 
together with the average numlier of seeds, the crossed plants 
(spontaneously self-fertilised) produced seeds in coinimrison with 
the self-fertilised plants (spontaneously* self-fertilised) in the 
iwoportiou of 100 to 35. By whatever method the fertility of 
these plants is compared, the crossed are more fertile than the 
self-fertili.scd plants. 

I tried in several ways the comparative vigour and powers of 
growth of the crossed and self-fertilised plants of this third 
generation. Thus, four self-fertilised se^ which had just 
gemunateil were planted on one side of a pot, and after an in- 
terval of forty-eight hours, four crossed seeds in the same state 
of germination wore planted on the opposite side; and the pot 
was kei>t in the hothouse. I thought that the advantage thus 
given to the self-fertilised seedlings would have been so great 
that they would never have been beaten by the crossed ones. 
TOey were not beaten until all had grown to a height of 18 
inches; and the degree to which they were finally beaten is 
shown in the following table (No. IV.). We here see that the 
average height of the four crossed plants is 76- 62, and of the 
four self-fertilisod plants 6o’87 inches, or as 100 to 86 ; there- 
fore less than when both sides started fair. 

Table IV. (Third Omeratiou, the setf-fertilited Plante having 
had a etart offorty^ight houre.) 



No. of Put. 


Croafed PUnU. 


Self-fertillced PUnto. 




Incbe*. 


Inchca. 


lu. 


781 


731 




77 1 


53 




73 


611 







751 


Total inches. 


306-5 


263-5 



Croase<l and self-fertilised seeds of the third generation were 
also sown out of doors late in the summer, and therefore under 
nnfavourablt^ conditions, and a single stick was given to each 
lot of plants to twine up. The two lots were sufficiently 
separate so as not to interfere with each other’s growth, and the 
ground was clear of weeds. As soon ns they were killed by the 
first frost (and there was no dificrence in their hardiness), the 
two tallest crossed plants were found to be 24 -5 and 22-5 inches, 
D 
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whilst the two tallest self-fertilised plants were only 16 and 
12-5 inches in height, or as 100 to 59. 

I likewise sowed at the same time two lots of the same sec<l8 
in a i)ort of the garden which was shady and covered with 
weeds. The crossed seedlings from the first looked the most 
l.oalthy, hut they twined up a stick only to a height of 71 inches; 
wliilst the self-fertilised were not able to twine at all ; and the 
tallest of them was only 81 inches in height. 

Lastly, two lots of the same seeds were sown in the midst of 
a IkxI of candy-tuft (Ibcris) growing vigorously. The seedlings 
came uj), Imt all the self-fertilisetl ones soon died excepting one, 
which never twineil and grew to a height of only 4 inches. 
Many of the crossed seedlings, on the other hand, survived ; 
and some twined up the stems of the Iberia to the height of 
11 inches. These cases prove that the crossed seedlings 
have an immense advantage over the self-fertilised, both when 
growing isolated under very unfavourable conditions, and when 
put into competition with each other or with other plants, as 
would happen in a state of nature. 

CrofUilandself-fcrtilited the Fourth Oentration. — Seed- 

lings raised as before from the crossed and self-fertilised plants 
of the third generation in Table III., gave results as follows: — 



Tabl* V. {Fourth (Jenei'atio)!.) 




Here the average height of the seven crossed plants is 69 '78 
inches, and that of the seven self-fertilised plants 60'14 ; or as 
100 to 86. This smaller difference relatively to that in the 
former generations, may be attributed to the plants having Ixsen 
raised during the depth of winter, and consetiucntly to their not 
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haviiiK grown vigorotisly, as was shown by their general aji- 
pearance and from several of them never reaching the summits 
of the rods. In Pot II., one of the sclf-fertiUsed plants was for 
• long time taller by two inches than its opponent, but was 
idtimately beaten by it, so that all the crossed plants exceeded 
their opponents in height. Of twenty-eight capsules protluced 
by the crossed plants fertilised by pollen from a disUnct plant, 
^h contained on an average 4 ‘75 seeds; of twenty-eeven self- 
fertiUsod capsules on the sclf-fertiUsed plants, each contained 
on an average 4 47 seeds; so that the proportion of seeds in the 
crossed and self-fertilised capsules was as 100 to 94. 

^me of the same seeds, from which the jilants in the last 
Table V. had been raised, were planted, after they had germi- 
nated on damp sand, in a square tub, in which a large Brug- 
mansia had long been growing. The soil was extremely poor 
and full of roots; six crossed seeds were planteil in one comer, 
and m self-fertilised seeds in the opposite comer. All the 
seedlings from the latter soon died excepting one, and this grew 
to the height of only 1* inches. Of the crossed jilants three 
survived, and they grew to the height of 21 inches, but were not 
able to twine round a stick; nevertheless, to my surprise, they 
I^nceil some small miserable flowers. The crossed plants 
thiu had a decided advantage over the self-fertilised plants 
under this extremity of bad conditions. 

Crated and K^lf-fertaited I'lantt of the Fifth Omemlion.— These 
were raiseil in the same manner as before, and when measured 
gave the following resnlts : — 
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and that of the nix BcIf-fortiliBcd plants G2'83 inches, or as 100 
to 75. Every crossed plant cxcee<]ed its antagonist in height. 
In Pot I. the middle plant on the crossed side was slightly 
injured whilst yoong by a blow, and was for a time beaten by 
its opiionent, but ultimately recovered the usual superiority. 
The crossed plants produced spontaneously a vast number more 
capsules than did the self-fertilised plants; and the caj»iiles of 
the former contained on an average 8 ’37 seeds, whilst those of 
the latter contained only S'O per capsule, or as 100 to 89. But 
looking only to the artificially fertilised capsules, those on the 
crossed plants again crossed containe<l on an average 4'46 
seeds, wliilst those on the self-fertilised plants again self- 
fertilised contained 4 '77 seeds; so that the self-fertilised cap- 
sules wore the more fertile of the two, and of this unusual fact 
1 can offer no explanation. 

C'ronrd and $el/-/rrtili»ed Planlt qf tht Sixth Omeration . — 
These were raised in the usual manner, with the following result 
1 should state that there were originally eight plants on each 
side; but as two of the self-fertilised became extremely un- 
healthy and 'never grew to near their full height, these as well 
as their opponents have been struck out of the list If they had 
lieen retained, they would have made the average height of the 
crossed plants unfairly greater than that of the self-fertilised. 
I have acted in the same manner in a few other instances, when 
one of a pair plainly tiecame very unhealthy. 



Tablc VII. {Sixth Qeneration.) 



No. Of Pot 


CnuliPd Pliints. 


Self.fcrtllfiHl Pliinla. 




lorhra. 


locbn. 


L 


93 


50* 




91 


65 


II. 


79 


50 




86J 


87 




88 


63 


III. 


87 J 


04* 


Tout ioclm. 


535 


379 



The average height of the six crossed plants is hcre87'6, and 
of the six self-fertilised plants 63 '16, or as 100 to 72. This large 
difference was chiefly duo to most of the plants, esiKscially the 
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self-fortilised ones, haring become unhealthy towards the close 
of their powth, and they were severely attacked by aphides. 
Prom this cause nothing can be inferred with respect to their 
relative fertility. In this generation we have the first instance 
of a self-fertilised plant in Pot II. exceeding (though only by 
half an inch) its crossed opponent. This victory was fairly won 
after a long struggle. At first the self-fertilised plant was several 
inches taller than its opponent, but when the latter was 4J 
feet high it had grown equal ; it then grew a little taller than 
the self-fertilised plant, but was ultipiately l)eatcn by it to the 
extent of half an inch, as shown in the table. I was so much 
Bun)ris»>d at this case that I saved t’lc self-fertilised seeds of 
this plant, which I will call the “ Hero,” and experimented on 
its de.sccudant3, as will hereafter lie descriM. 

Besides the plants included in Table VH., nine crossed and 
nine self-fertilisetl plants of the same lot were raised in two 
other pots, IV. and V. These pots had been kept in the hot- 
house, but from want of room were, whilst the plants were 
young, suddenly moved during very cold weather into the 
coldest part of the greenhouse. They all suffenxl greatly, and 
never quite ree.overed. After a fortnight only two of the nine 
sslf-fertilised seedlings were alive, whilst seven of the crossed 
survived. The tallest of these latter plants when measured was 
47 inches in height, whilst the tallest of the two surviving self- 
fertilised plants was only 32 inches. Here again we see how much 
more vigorous the crossed plants are than the self-fertilised. 

Cruftal and edf-ftTUliurd Ptanls the Seventh Oeneratim.— 
The.so were raised as heretofore with the following result 



Table VIIL (Sevmth Oenerntion.) 



No. of Pol 


CroMod PUnu. 


' Self-tcrtUlHd rUnu. 




Inches. 


Inches. 


I. 








84| 


84 




76| I 


.',51 


II. 


841 1 


65 




90 


5l| 




821 1 


80| 


III. j 


83 i 


67f 




88 


60| 


rv. ( 


84| 1 


751 


Total incheo. | 


755-50 1 


614-25 
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Each of these nine crossed plants is hiffher than its opponent, 
though in one case only by three-quarters of an inch. Their 
STerage height is 83‘94 inches, and that of the self-fertilised 
plants 68"25, or as 100 to 81. These plants, after growing to 
their full height, became very unhealthy and infested with 
aphides, just when the seeds were setting, so that many of the 
capsules failed, and nothing can be said on their relative 
fertility. 

C'loued and tel/-/ertilited l‘lanl$ of the Eighth Generation . — As 
just stated, the plants of the last generation, from which the 
present ones were raised, were very unhealthy and their seeds 
of unusually small size ; and this prolwbly accounts for the two 
lota Iwharing differently to what they did in any of the pre- 
vious or sticceoding generations. Many of the self- fertilised 
seeds gemiinated before the crossed ones, and those were of 
course rejected. When the crossed seedlings in Table IX. had 
grown to a height of between 1 and 2 feet, they were all, or 
almost all, shorter than their self-fertilised opponents, but were 
not then measured. When they ha>l acquired an average height 
of 82 '28 inches, that of the self-fertilised plants was 40-68, or 
as 100 to 12-2. Moreover, every one of the st-lf-fertilised plants, 
with a single exception, exceeded its crossed o]>|x>ncnt When, 
however, the crossed plants had grown to an average height of 
77-56 inches, they just exceeded (viz., by -7 of an inch) the 
average height of the self-fertilised plants ; but two of the latter 
were still taller than their crossed opponents. I was so mnch 
astonished at this whole case, that 1 tied string to the summits 
of the rods ; the plants being thiut allowed to continue climbing 
upwards. When their growth was complete they were un- 
twined, stretched straight, and measured. The crossed plants 
had now almost regained their accustomed superiority, as may 
be seen in Table IX 

The average height of the eight crossed plants is here 118-25 
inches, and that of the self-fertilised plants 516-65, or as 100 to 
85. Nevertheless two of the self-fi rtilisc d plants, as may bo seen 
in the table, were still higher than their crosse<l oii|)onent8. ; 
The latter manifestly had much thicker stems and many more 
lateral branches, and looked altogether more vigorous than the 
self-fertilised plants, and generally flowered before them. The 
earlier flowers produced by these self-fertilised plants did not 
set any ca])sulcs, and their anthers contained cmly a small 
amount of ]X)llen ; but to this subject 1 shall return. Neverthe- ^ 
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less capsules produced by two other self-fertilised plants of the 
same lot, not included in Tabic IX., which hod been highly 
fsTonred by being grown in scimrate pots, contained the large 
arcrago numlier of 5'1 seeds |>er capsule. 



Table IX. {Eighth Generation.) 



No. of Pot. 


^ CroMcd Plants. 


Stlf-IMHiMd PbuiU. 




IncbM. 


InchM. 


I. 


UI| 


98 




127 


54 




130 f 


93 1 


11. 


971 


1 




89 1 


125] 


III. 


1 1031 


1 1151 




1 lOOi 


84j 




1 


109} 


Totnl inchci. 1 908-25 


773-25 



Crotsed and self-fertilined Plants of the Ninth Oentralion . — 
The plants of tto generation were raised in the same manner 
as before, with the result shown in Table X : — 

The fourteen crossed plants average in height 81 ‘39 inches 
and the fourteen self-fertilised plants (>4'07, or as 100 to 79. 
One self-fertilised plant in Pot III. exceeded, and one in Pot IV. 
equalled in height, its opponent The self-fertilised plants 
showed no sign of inheriting the precocious growth of their 
parents; this having been due, as it would appear, to the 
abnormal state of the seeds from the unhealthiness of their 
parents. The fourteen self-fertilised plants yielded only forty 
spontaneously self-fertilised capsules, to which must be added 
seven, the pr^uct of ten flowers artiflcially self-fertilised. On 
the other hand, the fourteen crossed plants yielded 152 spon- 
taneously self-fertilised capsules; but thirty-six flowers on these 
plants were crossed (yielding thirty-three capsules), and these 
flowers would proliably have produced about thirty sponta- 
neonsly self-fertilised capsnles. Therefore an equal numlier 
of the crossed and self-fertilised plants would have produced 
ca{)sules in the proportion of about 182 to 47, or as 100 to 26. 
Another phenomenon was well pronounced in this generation, 
but I believe had occurred previously to a slight extent ; 
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namely, that meet of the flowers on the Relf-fcrtilised plants 
were somewhat monstrous. The monstrosity consisted in the 
oorolla being irregularly split so that it did not open properly, 
with one or two of the stamens slightly ftfliaoeoos, coloured, 
and firmly coherent to the corolla. I observed this monstrosity 
in only one flower on the crossed plants. The self-fertilised 
plants, if well nourished, would almost-ccrtainly, in a few more 
generations, have produced double flowers, for they had already 
Iwcorne in some degree sterile.* 



Table X. (.Viatt Gmerafion.) 



NaofPbl. 


CraantPUau. 


MS^ferUUMd PUbU. 




loehM. 


IndiM. 


L 


8;il 


57 




8S| 


71 




83| 


48| 


IL 


8SI 


45 






43f 




64} 


381 


“ lit ~ 1 


79 


63 




881 


71 




61 


89| 


IV. 


82| 


821 




90 


76] 


V. 


891 


67 


Crowded plants. 


92 






92] 




Total laches. 


1139-5 


897-0 



Crottedand te^-/erlUued PhnU of the Tenth Oeneration.— Six 
plants wore raised in the usual manner from the crossed plants 
of the last generation (Table X.) again intercrossed, and from 
the self-fertilised again self-fertilised. As one of the crossed 
plants in Pot I. in the following table became much diseased, 
having crumpled leaves, and producing hardly any capsules, it 
and its opponent have been struck out of the table. . 



* See on this imbjeot ‘ Varialion Domestioation,’ ebap. xviU. 2nd 
of Animals and Plants under edit vol. it p. 1S2. 
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Tablb XI. {Tenth Generation.) 



.of Pot. 



Croned Plants. 



SelMertlUsed Plants. 



I. 




47 J 



II. 





Total inches. 



468-5 



252-0 



The five crossed plants average 93-7 inches, and the five self- 
fertilised only 50-4, or as 100 to 54. Tliis difference, however, 
is so great that it must be looked at os in part accidental. The 
six crossed plants (the diseased one here included) yielded spon- 
taneously 101 capsules, and the six self-fertilised plants 88, 
the latter being chiefly produced by one of the plants. But as 
the diseased plant, which yielded hardly any seed, is here included, 
the ratio of 101 to 88 does not fairly give the relative fertility of 
the two lots. The stems of the six crossed plants looked so 
much finer than those of the six self-fertilised plants, that after 
the capsules had been gathered and most of the leaves had fallen 
off, they were weighed. Those of the crossed plants weighed 
2,693 grains, whilst those of the self-fertilised plants weighed 
only 1,173 grains, or as 100 to 44; but as the diseased and 
dwarfed crossed plant is hero included, the superiority of the 
former in weight was really greater. 

The Effects on the Offspring of crossing differerU Flowers 
on the same Plant, instead of crossing distinct Individuals. 
— In all the foregoing experiments, seedlings from 
flowers crossed by pollen from a distinct plant (though 
in the later generations more or less closely related) 
were put into competition with, and almost invariably 
proved markedly superior in height to the offspring 
from self-fertilised flowers. I wished, therefore, to 
ascertain whether a cross between two flowers on the 
same plant would give to the offspring any superiority 
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over the offspring from flowers fertilised with their 
own jwllen. I procured some fresh seed and raised 
two plants, which were covered with a net ; and several 
of their flowers were crossed with pollen from a dis- 
tinct flower on the same plant. Twenty-nine capsules 
thus produced contained on an average 4 • 86 seeds per 
capsule ; and 100 of these seeds weighed 36 • 77 grains. 
Several other flowers were fertilise<l with their own 
pollen, and twenty-six capsules thus produced con- 
tained on an average 4 ‘42 seeds per capsule ; 100 of 
which weighed 42 '61 grains. So that a cross of this 
kind apfjears to have increased slightly the number of 
seeds per capsule, in the ratio of 100 to 91 ; but these 
crossed seeds were lighter than the self-fertilised in the 
ratio of 86 to 100. I doubt, however, from other 
observations, whether these results are fully trust- 
worthy. The two lots of seeds, after germinating on 
sand, were planted in pairs on the opposite sides of nine 
pots, and were treated in every respect like the plants 
in the previous experiments. The remaining seeds, 
some in a state of germination and some not so, were 
sown on the opposite sides of a large pot (No. X.) ; 
and the four tallest plants on each side of this pot 
were measured. The result is shown in the following 
table : — 

The average height of the thirty-one crossed plants is 
73 • 23 inches, and that of the thirty-one self-fertilised 
plants 77 '41 inches; or as 100 to 106. Looking to 
each pair, it may be seen that only thirteen of the 
crossed plants, whilst eighteen of the self-fertilised 
plants exceed their opponents. A record was kept with 
respect to the plant which flowered first in each pot ; 
and only two of the crossed flowered before one of the 
self-fertilised in the same pot ; whilst eight of the self- 
fertilised flowered first. It thus appears that the 
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Table XIT. 



No. of Pot. 


Cro«»«<l Plants. 1 


Seir-ferUlIsMl Plants. 




lnrh««. 


Inclwa 


1 . 


.82 


77] 




75 


64 




76 


87} 


11. 




84 




86} 




65] 


90] 


III. 


6lj 


86 




85 






89 


87| 


IV. 


?3j 


i 80| 




67 


84| 


V. 


78 


66} 




76f 


77} 




57 


81} 


VI. 


70} 


80 




79 


82} 




79* 


55} 


VII. 


76 


77 




84] 


83} 




79 


73} 


VIII. 


73 


76} 






82 




83 


80} 


IX. 


731 


78} 




78 


67} 


X. 


34 


821 


Crowded plunU. 


82 


36 


84* 


69} 




71 


75} 


Total incbea. 


1 2270-25 


2399-75 
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crossed plants are slightly inferior in height and in 
earliness of flowering to the self-fertilised. But the 
inferiority in height is so small, namely os 100 to 106, 
that I should have felt xery doubtful on this head, 
had I not cut down all the plants (except those 
in tlie crowded j)ot No. X.) close to the ground and 
weighed them. The twenty -seven crossed plants 
weighed 16^ ounces, and the twenty-seven self-fer- 
tilised plants 20^ ounces; and this gives a ratio of 
100 to 124. 

A self-fertilised plant of the same parentage as those 
in Table XII. had been raised in a separate pot for a 
distinct purpose ; and it proved ]>artially sterile, the 
anthers containing very little pollen. Several flowers 
on this plant were crossed with the little pollen which 
could be obtained from the other flowers on the same 
plant; and other flowers were self-fertilised. From the 
seeds thus produced four crossed and four self-fertilised 
plants were raised, which were planted in the usual 
manner on the opposite sides of two jwts. All these 
four crossed plants were inferior in height to their 
opponents; they averaged 78' 18 inches, whilst the 
four self fertilised plants averaged 84 '8 inches ; or as 
100 to 108.* This case, therefore, confirms the last. 
Taking all the evidence together, we must conclude 
that these strictly self-fertilised plants grew a little 
taller, were heavier, and generally flowered before 
those derived from a cross between two flowers on the 
same plant. These latter plants thus present a won- 
derful contrast with those derived from a cross between 
two distinct individuals. 



• From one of tliew Mlf-ferti- an average only 3-2 seeds per 

lined pliints, spontaneonsly self- eapenle; so that this plant bud 

fertilised, 1 mthered twenty-four upp^ntly inherited some of tlie 

capsules, and they contained on sterility of its parent. , 
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The Effects on the Offspring of a Cross with a distinct 
or fresh Stock helonffing to the same Variety. — From the 
two foregoing series of experiments wo see, firstly, the 
good effects during several successive generations of 
a cross between distinct plants, although these were 
in some degree inter-related and had been grown 
under nearly the same conditions ; and, secondly, the 
absence of all such good effects from a cross between 
flowers on the same plant ; the comparison in both 
cases being made with the offspring of flowers fertilised 
with their own iwllen. The exjMjriments now to be 
given show how powerfully and beneficially plants, 
which have been intercrossed during many successive 
generations, having been kept all the time under 
nearly uniform conditions, are affected by a cross with 
another plant belonging to the same variety, but to a 
distinct family or stock, which had grown under dif- 
ferent conditions. 

Several flowers on the crossed plants of the ninth generation 
in Table X., were crossed with pollen from another crossed plant 
of the same lot. The seedlings thus raised formed the tenth 
intercrossed generation, and I will call them the “ intmroiaed 
plants.” Several other flowers on the same crossed plants of 
the ninth generation were fertilised (not having l>oen castrated) 
with pollen taken from ]>lants of the same variety, but l>clonging 
to a distinct family, which had been grown in a distant gaiden 
at Colchester, and therefore under somewhat dificrcut conditions. 
The capsules produced by this cross contained, to my surprise, 
fewer and lighter seeds than did the cajisulcs of the intercrossed 
plants ; but this, I think, must have been accidental. The seed- 
lings raised from them I will call the “ Colchestrr-exytal.” The 
two lots of seeds, after germinating on sand, were planted in 
the nsual manner on the o])posite sides of five pots, and the 
nmainiiig seeds, whether or not in a state of germination, 
were thickly sown on the opposite sides of a very large pot. 
No. VI., in Table XIII. In three of the six pots, after the 
yonng plants hod twined a short way up their sticks, one of the 



© The Complete Work of Charles Darwin Online 



46 



IPOHCEA PCRPUBEA. 



ObaP. II. 



Colchester-croBsed plants was much taller than any one of 
the intercrossed plants on the opposite side of the same pot ; 
and in the three other pots somewhat taller. I should state 
that two of the Colchester-crossed plants in Pot IV., when 
about two-thirds grown, became much diseased, and were, 
together with their intercrossed opponents, rejected. The 
remaining nineteen plants, when almost fully grown, wen* 
measured, with the following result : — 



Table Xm. 




In sixteen out of these nineteen pairs, the Colchester-crossed 
plant exceeded in height its intercrossed opponent. The average 
height of the Colchester-crossed is 84 '03 inches, and that of 
the intercrossed 65'78 inches; or as 100 to 78. With respect 
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to tho fertility of the two lots, it was too troublesome to collect 
ami count tho capsules on all tho plants; so I selected two of 
the best pots, V. and VL, and in these tho ColchestePHJtossed 
produced 269 mature and half-mature capsules, whilst an equal 
numlier of the intercrossed plants produced only 154 ca])sulos ; 
or as 100 to 57. By weight tho capsules from the Colchester^ 
crossed plants were to those from the intercrossed plants as 
100 to 61 : so that the former probably contained a somewhat 
larger averago numlier of seeds. 



We learn from this important exireriment that 
plants in some degree related, which had been inter- 
crossed during the nine previous generations, when they 
were fertiliser! with pollen from a fresh stock, yielded 
flings us suijerior to the seedlings of the tenth 
intercrossed generation, as these latter were to the self- 
fertilised plants of the corresponding generation. For 
if we look to the plants of the ninth generation in 
Table X. (and these offer in most respects the fairest 
standard of comparison) we find that the intercrossed 
plants were in height to the self-fertilised as 100 to 79, 
and in fertility as 100 to 26 ; whilst the Colchester- 
crossed plants are in height to the intercrossed as 100 
to 78, and in fertility as 100 to 51. 

The DeKtndanU of the telf-fertOised Tlaut, named Hero, which 
a^-artd in the Sixth eel/-/ertdised Oeneration.— In tho five genera- 
tions before the sixth, the crossed plant of each pair was taller 
than its self-fertilised opponent ; but in the sixth generation 
(Table Vn., Pot II.) the Hero appeared, which after a long and 
dubious struggle conquered its crossed opponent, though by 
only half an inch. I was so much surprised at this feet, that 
I resolved to ascertain whether this plant would transmit 
its powers of growth to its seedlings. Several flowers on 
Hero were therefore fertilised with their own pollen, and the 
seedlings thus raised were put into competition with self-fer- 
tilised and intercrossed plants of the corresponding generation. 
Tho throe lots of seedlings thus all belong to the seventh genera- 
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tion. Their relative heights are shown in the two following 
tables 

Table XIV. 



1 


SrtMntilMIVau 
orUwSrraHhataf. 
ratiaa. ChUdna of 
Utra. 


! SilMMilM Plaalo 
oOto^inr^aoBO. 




IndMS. 


InckM. 


L 


74 


89 1 




SO 


61 




55| 


49 


U. 


93 


83 






56 




74j 


38 


Total Uchat. 


447*2i 


375*50 



The average height of the six self-fertiliaed children of Hero 
is 74*54 inches, whilst that of the ordinary self-fertilised plants 
of the corresponding generation is only 62*58 inches, or as 100 
to 84. 



Table XV. 



E&orrM. 


SdMkrtitM PlaMc 






liMliea 


larfaM. 


111. 


93 


76| 


IV. 


87 


89 




87| 


86| 


Total iaehes. 


366*75 


353*50 



Here the average height of the three self-fertilised children of 
Hero is 88*91 inches, whilst that of the intercrossed plants is 
84*16; or as 100 to 95. We thns see that the self-fertilised 
childron of Hero certainly inherit the powers of growth of their 
parents; for they greatly exceed in height the self-fertilised 
oflhpring of the other self-fertilised plants, and even exceed 
by a tri6e the intercrossed plants,— all of the corresponding 
generation. 
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Seyeral flowers on the self-fertilised children of Hero in Table 
XIV. were fertilised with pollen from the same flower ; and from 
the seeds thus produced, self-fertilised plants of the eighth 
generation (grand-children of Hero) were raised. Several other 
flowers on the same plants were crossed with pollen from the other 
children of Hero. The seedlings raised from this cross may be 
considered as the offspring of the union of brothers and sisters. 
The result of the competition between these two sets of seedlings 
(namely self-fertilised and the offspring of brothers and sisters) 
is given in the following table : — 



Table XVI. 




The average height of the thirteen self-fertilised grandchildren 
of Hero is 79'76 inches, and that of the grandchildren from a 
cross between the self-fertilised children is 74 - 85 ; or as 100 to 94. 
But in Pot IV. one of the crossed plants grew only to a height of 
151 inches ; and if this plant and its opponent are stmek ont, as 
would be the fairest plan, the average height of the crossed 
plants exceeds only by a fraction of an inch that (rf the solf-ferti- 
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lised plants. It is thorofore clear that a cross between the self- 
fertilised ehildren of Hero did not produce any beneficial efifect 
worth notice ; and it is very donbtfnl whether this negative result 
can be attribntod merely to the iact of brothers and sisters haring 
been united, for the ordinary intercrossed plants of the several 
successive generations must often have been derived from the 
union of brothers and sisters (as shown in Chap. I.), and yet all 
of them were greatly superior to the self-fertilised plants. We 
are therefore driven to the suspicion, which we shall soon see 
strengthened, that Hero transmitted to its offspring a peculiar 
constitution adapted for self-fertilisation. 

It would appear that the self-fertilised descendants of Hero 
have not only inherited from Hero a power of growth equal to 
that of the ordinary intercrossed plants, but have become more 
fertile when self-fertilised tlian is usual with the plants of the 
present species. The flowers on the self-fertilised grandchildren 
of Hero in Table XVI. (the eighth generation of self-fertilised 
plants) were fertilised with their own pollen and produced plenty 
of cap^es, ten of which (though this is too few a number for a 
safe average) contained 5'2 seeds per capsule, — a higher average 
than was observed in any other case with the self-fertilised plants. 
The anthers produced by these self-fertilised grandchildren were 
also as well developed and contained as much pollen as those on 
the intercrossed plants of the corresponding generation ; whereas 
this was not the case with the ordinary self-fertilised plants of 
the later generations.. Nevertheless some few of the flowers 
produced by the grandchildren of Hero were slightly monstrous, 
like those of the ordinary self-fertilised plants of the later genera- 
tions. In order not to recur to the subject of fertility, I may add 
tliat twenty-one self-fertilised capsules, spontaneously produced 
by the great-grandchildren of Hero (forming the ninth generation 
of self-fertilised plants), contained on an average 4 -47 seeds; and 
this is as high an average as the self-fertilised flowers of any 
generation usually yielded. 

Several flowers on the self-fertilised grandchildren of Hero in 
Table XVI. were fertilised with pollen from the same flower ; and 
the seedlings raised from them (great-grandchildren of Hero) 
formed the ninth self-fertilised generation. Several other flowers 
were crossed with pollen from another grandchild, so that they 
may be considered as the offspring of brothers and sisters, and the 
seedlings thus raised may be called the interacted great-grand- 
children. And lastly, other flowers were fertilised with pollen 



© The Comolete Work of Charles Darwin Online 



Chap. II. 



SUMMARY OF OBSERVATIONS. 



51 



from a distinct stock, and the seedlings thus raised may be 
called the CUehater-crouttl great-grandchildren. In my anxiety 
to see what the result would be, I unfortunately planted the 
three lots of seeds (after they had germinated on sand) in the 
hothonso in the middle of winter, and in consequence of this the 
seedlings (twenty in number of each kind) became very unhealthy, 
some growing only a fow inches in height, and very few to their 
proper height The result, therefore, cannot bo fully trusted ; 
and it would bo useless to give the measurements in detail. In 
order to strike as fair an average as possible, I first excluded all 
the plants under 50 inches in height, thus rejecting all the most 
unhealthy plants. The six self-fertilised thns left wore on an 
average 6C‘86 inches high; the eight intercrossed plants 63 ’2 
high; and the seven Colchester-crossed 65 '37 high; so that 
there was not much difference between the three sets, the self- 
fertilised plants having a slight advantage. Nor was there any 
great difference when only the plants under 36 inches in height 
were excluded. Nor again when all the plants, however much 
dwarfed and unhealthy, were included. In this latter case the 
Colchester-crossed gave the lowest average of all ; and if these 
plants had been in any marked manner superior to the other 
two lots, as from my former experimioe 1 fully expected they 
would have been, I caimot but think that some vestige of such 
superiority would have been evident, notwi thstandin g the very 
unhealthy condition of most of the plants. *No advantage, as far 
as wo can judge, was derived from intercrossing two of the 
grandchildren of Hero, any more than when two of the children 
were crossed. It appears therefore that Hero and its descendants 
have varied from the common type, not only in acquiring great 
power of growth, and increased fertility when subjected to self- 
fertilisation, but in not profiting from a cross with a distinct 
stock ; and this latter fiict, if trustworthy, is a unique case, as 
far as I have observed in all my ex])eriment8. 

Summanj on ihe Growth, Vigour, and Fertility of the 
iueeemve Oenerations of the crossed and selffertMsed 
Plants of Ipomaea purpurea, together with some n,iseel- 
laneous Observations, 

In the following table, No. XVII., we see the average 
or mean heights* of the ten successive generations of 
the intercrossed and self-fertilised plants, grown in 
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com{)etition with each other; and in the right-hand 
colnmn we have the ratios of the one to the other, the 
height of the intercroased plants being taken at 100. 
In the bottom line the mean height of the seventy- 
three intercrossed plants is shown to be 85*84 inches, 
and that of the seventy-three self-fertilised plants 
06 • 02 inches, or as 100 to 77. 

Tablb XVIL 

pMtjmna. Stnmmary qf MmurtmmU (la 
Ten Oemeratiau. 




Nvfiiher 

of 

CroMi4 

VUttU, 


I'w 


lofSriT 

|H 


Awwnm 1 Ratio between 
Hdfbtor Aeeimge 

Udffbuof 
IM CrowiedaiMl 

liMU. > SolMmllM 
PUou. 


Kin< ramtioB . . , 

Tabit 1. 


t 


86-00 1 


6 


65*66 taelOOU 76 

1 


Sacond nnantion . . 

Tabla II. 


6 


84-lS 1 


• 


66*33 jae 100 to 79 


Third {•aantioB. , . 

Tabk 111. 


• 


"■“1 


• 


52*83 ae 100 ta 68 


Fouth gmmtioa 
T.bl. V. 


7 


69*78 1 


’ 


60*14 M 100 ta 86 

1 


Fifth g«B«rat[on . . . 

Table VI. 


s 


82*54 1 




82 33 at 100 to 75 


Sixth (eaeratioa . . . 

Table VII. 


6 


87-50 I 


6 


63* 16 ae too to 72 


Sereath geacratioa . . 

Table Vlll. 


9 


83*94 


9 


68*25 ae 100 ta SI 


Eighth naeration . . 

Table IX. 


8 


113*25 


8 


96*65 u 100 to 85 


Niath geaeratiaa . . 

TabUX. 




81*39 




64*07 ae 100 la 79 


Tealh geaeratiaa . . 

Table XI. 


s 


93*70 1 

1 


5 50*40 ae 100 ta 54 


All tb« ten guncnitioiul 
UkfiD together e ./ 


7S 


85*84 1 

1 


73 1 6tt*09 ae 100 to 77 
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The mean height of the self-fertilised plants in 
each of the ten generations is also shown in the 
accompanying diagram, that of the intercrossed plants 
being taken at 100 ; and on the right side we see 
the relative heights of the seventy-three intercrossed 
plants, and of the seventy-three self-fertilised plants. 
The difference in height between the crossed and 




'DUgram showing the mean height* of the crossed and self-fertilised 
plants of Ipomaa purpurta in the ten generations; the mean height of the 
crossed planU being Uken as 100. On the right hand, the mean heights of 
the crossed and self-fertUisad plants of all the generations taken together 
are shown. 

self-fertilised plants will perhaps be^best appreciated 
by an Ulustration : If all the men in a country were 
on an average 6 feet high, and there were some families 
which had been long and closely interbred, these 
would be almost dw^s, their average height during 
ten generations being only 4 feet 8^ inches. 
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It should be especially observed that the average dif- 
ference between the crossed and self-fertilised -plants 
is not due to a few of the former having grown to an 
extraordinary height, or to a few of the self-fertilised 
being extremely short, but to all the crossed plants 
having surpassed their self-fertilised opponents, with 
the few following exceptions. The first occurred in 
the sixth generation, in which the plant named “ Hero” 
appeared ; two in the eighth generation, but the self- 
fertilised plants in this generation were in an anomalous 
condition, as they grew at first at an unusual rate and 
conquered for a time the opposed crossed plants ; and 
two exceptions in the ninth generation, though one 
of these plants only equalled its crossed opponent. 
Therefore, of the seventy-three crossed plants, sixty- 
eight grew to a greater height than the self-fertilis^ 
plants, to which they were opposed. 

In the right-hand column of figures, the difierence 
in height between the crossed and self-fertilised plants 
in the successive generations is seen to fluctuate much, 
as might indeed have been expected from the small 
number of plants measured in each generation being 
insufficient to give a fair average. It should be 
remembered that the absolute height of the plants 
goes for nothing, as each pair was measured as 
soon as one of them had twined up to the summit 
of its rod. The great difference in the tenth genera- 
tion, viz., 100 to 54, no doubt was partly accidental, 
though, when these plants were weighed, the differ- 
ence was even greater, viz., 100 to 44. The smallest 
amount of difierence occurred in the fourth and the 
eighth generations, and this was ajjparently due to 
both the crossed and self-fertilised plants having 
become unhealthy, which prevented the former attain- 
ing their usual degree of superiority. This was an 
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unfortunato circumstance, but my experiments were 
not tluw vitiated, as both lots of plants were exposed 
to the same conditions, whether favourable or un- 
favourable. 

There is reason to believe that the flowers of this 
Ipomma, when growing out of doors, are habitually 
crossed by insects, so that the first seedlings which I 
raised from purchased seeds were probably the offspring 
of a cross. I infer that this is the case, firstly from 
humble-bees often visiting the flowers, and from the 
quantity of pollen left by them on the stigmas of such 
flowers ; and, secondly, from the plants raised from the 
same lot of seed varying greatly in the colour of their 
flowers, for as we shall hereafter see, this indicates 
much intercrossing.* It is, therefore, remarkable 
that the plants raised by me from flowers which were, 
in all probability, self-fertilised for the first time after 
many generations of crossing, should have been so 
markedly inferior in height to the intercrossed plants 
as they were, namely, as 76 to 100. As the plants 
which were self-fertilisc*d in each succeeding generation 
necessarily became much more closely interbred in 
the later than in the earlier generations, it might have 
been expected that the difference in height between 
them and the crossed plants would have gone on in- 
creasing ; but, so far is this frpm being the case, that 
the difference between the two sets of plants in the 
seventh, eighth, and ninth generations taken together 
is less than in the first and second generations together. 
When, however, we remember that the self-fertilised 
and crossed plants are all descended from the same 

• Verlot soys Sur la Produo- color, cannot bo kept pure unless 
tioo dcs Varie'teV 1805, p. 66) grown at a distance from all other 
that certain varieties of a closely varieties, 

allied plant, the ConvolviUut tri~ 
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mother-plant, that many of the crossed plants in each 
f'onoration were related, often closely related, and that 
all were exposed to the same conditions, which, as we 
shall hereafter find, is a very important cireumstance, it 
is not at all surprising that the difference between 
them should have somewhat decreased in the later 
generations. It isj on the contrary, an astonishing fact, 
that the crossed plants should have been victorious, 
even to a slight degree, over the self-fertilised plants 
of tho later generations. 

The much greater constitutional vigour of the 
crossed than of tho self-fertilised plants, was proved on 
five occasions in various ways; namely, by exposing 
them, while young, to a low temperature or to a 
sudden change of temperature, or by growing them, 
under very unfavourable conditions, in competition 
with full-grown plants of other kinds. 

With respect to the productiveness of the crossed 
and self-fertilised plants of the successive generations, 
my observations unfortunately were not made on any 
uniform plan, partly from the want of time, and partly 
from not having at first intended to observe more than 
a single generation. A summary of the results is here 
given in a tabulated form, the fertility of the crossed 
plants being taken as 100. 

Fint Qeneration croued and telf-/ertili»ed Hantt 
'/rowing in ampttilion with one another. — Sixty-five 
capsules produced from flowers on five crossed plants 
fertilised by pollen from a distinct plant, and fifty-five 
capsules produced from flowers on five self-fertilised 
plants fertilised by their own pollen, contained seeds 
in the proportion of 100 to 93 

Fifty-six spontaneously self-fertilised capsules on 
tho alx>ve five crossed plants, and twenty-five sponta- 
neously self-fertilised capsules on the above five self- 
fertilised plants, yielded seeds in the proportion of . 100 to 99 
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Combining the total number of capsules produced 
by these j>Iants, and the average number of seeds in 
each, the above crossed and self-fertilised plants 
yielded seeds in the proportion of . . . . 100 to 61 

Other plants of this first generation grown under 
nnfiivourable conditions and spontaneously self-ferti- 
lised, yielded seeds in the pro]x>rtion of . . 100 to 45 

Third OeneratioH of erourd and utf-ferltHud Plunlt. 

—Crossed capsules compared with self-fertilised cap- 
sules contained seeds in the ratio of . 100 to 94 

An equal number of crossed and self-fertilised 
plants, both spontaneously self-fertilised, produced 

oapsules in the ratio of 100 to 38 

And those capsules contained seeds in the ratio of . 100 to 94 
Combining these data, tlie productiveness of the 
crossed to the self-fertilised plants, both spontane- 
ously self-fertilised, was as 100 to 35 



Fourth Oeneration of eroued and letf/ertilited Planh. 

— Capsules from flowers on the cros^ plants ferti- 
lised by pollen from another plant, and capsules from 
flowers on the self-fertilised plants fertilised with their 
own pollen, contained seeds in the proportion of . 100 to 94 
Fifth Oeneration qf eroued and ulf-fertUiud Plante. 

—The crossed plants produced spontaneously a vast 
number more pods (not actually counted) than the 
■elf-fertilised, and these contained seeds in the pro- 
portion of 100 to 89 

Ninth Oeneration of eroued and u{f-f ertUiud Plante. 

-Fourteen crossed plants, spontaneously self-ferti- 
lised, and fourteen self-fertilis^ plants spontaneously 
■elf-fertilised, yielded capsules (the average number 
of seeds per capsule not having been ascertained) in 

the proportion of 100 to 26 

Plante derived from a erou with a freeh Stock com- 
pared with intereroeeed Plante . — The ofispring of inter- 
orossed plants of the ninth generation, crossed by a 
flash stock, compared with plants of the same stock 
intercroes<‘d during ten generations, both sets of plants 
left uncovered and naturally fertilised, produced 
capsules by weight as 100 to 51 

We see in this table that the crossed plants are 
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always in some degree more productive than the self- 
fertilised plants, by whatever standard they are com- 
pared. The degree differs greatly ; but this depends 
chiefly on whether an average was taken of the seeds 
alone, or of the capsules alone, or of both combined. 
The relative superiority of the crossed plants is chiefly 
due to their producing a much greater numlier of cap- 
sules, and nut to each capsule containing a larger 
average number of seeds. For instance, in the third 
generation the crossed and self-fertilise<l plants pro- 
duced capsules in the ratio of 100 to 38, whilst the 
seeds in the capsules on the crossed plants were to 
those on the self-fertilised plants only as 100 to 94. 
In the eighth generation the cajwules on two self- 
fertilised plants (not included in the above table), 
grown in separate pots and thus not subjected to any 
competition, yielded the large average of 5'1 seeds. 
The smaller number of capsules produced by the self- 
fertilised plants may be in part, but nut altogether, 
attributed to their lessened size or height ; this being 
chiefly due to their lessened constitutional vigour, so 
that they were not able to compete with the crossed 
plants growing in the same pots. The seeds pnxluced 
by the crossed flowers on the cro8s<!d plants were not 
always heavier than the self-fertilised seeds on the 
self-fertilised plants. The lighter seeds, whether pro- 
duced from crossed or self-fertilised flowers, generally 
germinated before the heavier seeds. I may a«ld that 
the crossed plants, with very few exceptions, flowered 
before their self-fertilised opponents, as might have 
been expected from their greater height and vigour. 

The impaired fertility of the self-fertilised plants was 
shown in another way, namely, by their anthers being 
smaller than those in the flowers on the crossed ])lants. 
This was first observed in the seventh generation, but 
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may have occurred earlier. Several anthers from flowers 
on the crossed and self-fertilised plants of the eighth 
generation were compared under the microscope ; and 
those from the former were generally longer and plainly 
broader than the anthers of the self-fertilised ]>lants. 
The quantity of pollen contained in one of tho latter 
was, as far as could be judged by the eye, about half 
of that contained in one from a crossed plant. The 
impaire<l fertility of tho self-fertilised plants of the 
eighth generation was also shown in another manner, 
which may often be observed in hybrids — namely, by tho 
first-formed flowers being sterile. For instance, the 
fifteen first flowers on a self-fertilised plant of one of the 
later generations were carefully fertilised with their 
own pollen, and eight of them dropped off ; at the same 
time fifteen flowers on a crossed plant growing in the 
same pot were self-fertilised, and only one dropped off. 
On two other crossed plants of the same generation, 
several of the earliest flowers were observed to fertilise 
themselves and to produce capsules. In the plants of 
the ninth, and I believe of some previous generations, 
veiy many of the flowers, as already stated, were 
slightly monstrous ; and this probably was connected 
with their lessened fertility. 

All tho self-fertilised jilants of the seventh genera- 
tion, and I believe of one or two previous generations, 
produce<l flowers of exactly the same tint, namely, of a 
rich dark juirplc. So did all the plants, without any 
exception, in tho three succeeding generations of self- 
fertilised plants ; and very many were raised on account 
of other experiments in progress not here recorded. 
My attention was first c^led to this (act by my 
gMdener remarking that there was no occasion to label 
the self-fertilised plants, as they could always be known 
by their colour. Tho flowers were os imiform in tint 



© The Comolete Work of Charles Darwin Online 



CO 



IPOM(EA PURPUREA. 



Chat. II. 



as tliose of a wild sjxHjies growinp in a state of nature ; 
whether the same tint occurre<l, as is probable, in the 
earlier generations, neither my gardener nor self could 
recollect. The flowers on the plants which were first 
raised fnmi purchasofl see<l, as well as during the first 
few generations, varied much in the depth of the 
puqilo tint ; many were more or k'ss pink, and occa- 
sionally a white variety appeared. The crossed plants 
continued to the tenth generation to vary in the same 
manner as l>efure, but to a mnch less degree, owing, 
probably, to their having become more or less closely 
inter-related. We must therefore attribute the extra- 
ordinary uniformity of colour in the flowers on the 
plants of the seventh and succeeding self-fertilised 
generations, to inheritance not having been interfered 
with by crosses during several preceding generations, 
in combination with the conditions of life having been 
very uniform. 

A plant appeared in the sixth self-fertilised genera- 
tion, named the Hero, which exceeded by a little in 
height its crossed antagonist, and which transmitted 
its powers of growth and increased self-fertility to its 
children and grandchildren. A cross between the 
children of Hero did not give to the grandchildren 
any advantage over the self-fertilised grandchildren 
raised from the self-fertilised children. And as far as 
my observations can be trusted, which were made on 
very unhealthy plants, the great-grandchildren raised 
from intercrossing the grandchildren had no advantage 
over the seedlings from the grandchildren the ]>roduct 
of continiie<l self-fertilisation; and what is far more 
remarkable, the gn-at-grandchildren raised by crossing 
the grandchildren with a fresh stock, had no advantage J 
over either the intercrossed or self-fertilise«l grei^ 
grandchildren. It thus a))pcars that Hero and its 
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descendants differed in constitution in an extraordinary' 
manner from ordinary plants of the present sjiecies. 

Although the plants raised during ten successive 
generations from crosses between distinct yet inter- 
related plants almost invariably exceeded in height, 
constitutional vigour, and fertility their self-fertilised 
opponents, it has been proved that seedlings raised 
by intercrossing flowers on the same plant are by no 
means su|)crior, on the contrary are somewhat inferior 
in height and weight, to seedlings raised from flowers 
fertilised with their own pollen. This is a remarkable 
fact, which seems to indicate that self-fertilisation is 
in some manner more advantageous than crossing, 
unless the cross brings with it, ns is generally the case, 
some decided and prejwnderant advantage ; but to this 
subject I shall recur in a future chapter. 

The benefits which so generally follow from a 
cross between two plants apparently depend on the 
two differing somewhat in constitution or character. 
This is shown by the seedlings from the intercrossed 
plants of the ninth generation, when crossed with 
pollen from a fresh stoek, being as superior in 
height and almost as superior in fertility to the again 
intercrossed j)lants, as these latter were to seedlings 
from self-fertilised plants of the corresponding gen- 
eration. We thus learn the imjmrtant fact that the 
mere act of crossing two distinct plants, which are 
in some degree inter-related and which have been 
long subjected to nearly the sjuue conditions, does 
little gooil os compared with that from a cross between 
plants belonging to different stocks or families, and 
which have been subjected to somewhat different con- 
ditions. Wo may attribute the good derived from 
the crossing of the intercrossed plants during the 
ten successive generations to their still differing some- 
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what in constitution or character, as was indeed proved 
by their flowers still differing somewhat in colour. 
But the several conclusions which may be deduced 
from the experiments on Ipomoea will be more fully 
considered in the final chapters, after all my other 
observations have been given. 
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CHAPTER III. 



ScBOPBrLABIACXX, GESHSBIACEJt, LaBUTX, rTO. 

Mimulusluteu*; height, vigour, »nd fertility of the croesed «nd eelf- 
fertilUcd plants of the first four generations— Appearance of a 
new. tidl, anil highly self-fertile variety- Offspring from a cross 



Mimulus liiteus— DigitalU purpurea, superiority of the crossed 
plants— EffeoU of crossing flowers on the same plant— Calceolaria 
— Linaria vulgaris — Verbascnm thapsns — Vsndellia nummnlari- 

*>ll« — Clelstogeno flowers— Gcaneria pendnlina— Salvia coceinea 

Origunuin vulgare, great increase of the crossed plants by stolons 
— Thnnbergia alsta. 

In the family of the Scrophulariacesfi I experimented 
on species in the six following genera: Mimulus, 
Digitalis, Calceolaria, Linaria, Verbascum, and Van- 
dellia. 

II. SCROPHULARIACEAL-MniULCs lctkcs. 

The plants which I raised from purchased seed varied greatly 
in the colour of their flowers, so that hardly two individuals 
were quite alike ; the corolla being of all shades of yellow, 
witli the most diversified blotches of purple, crimson, orange, 
and coppery brown. But those plants diflered in no other 
iBspoct.* The flowers are evidently well adapted for fertilisa- 
tion by the agency of insects ; and in the case of a closely allied 
species, Af. ro$ea, I have watched bees entering the flowers, thus 
(ptting their backs well dusted with pollen ; and when they 
entered another flower the pollen was licked off their backs by 
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the two-lipped stigma, the lii* of which are irritable and close 
like a forcej* on the pollen-grains. If no pollen is enclosed 
tietween the li|ie, these o]ien again after a time. Mr. Kitchener 
has ingcniunsly explained * the use of these morcments, namely, 
to prevent the self-fertilisation of the flower. If a bee with 
no pollen on its back cntcra a flower it tonches the stigma, 
which quickly closes, and when the bee retires dusted with 
]K>llen, it can leave none on tlie stigma of the same flower. 
But as soon as it enters any other flower, plenty of ]x>llcn is 
left on the stigma, which will be thus cross-fertilised. Ncvei^ 
theless, if insects arc excluded, the flowers fertilise themselves 
perfectly and produce plenty of seed ; but I did not ascertain 
whether this is effected by the stamens increasing in length 
with advancing age, or by the bending down of the pistil. The 
eliief interest in my exfierimcnts on tlie present species, lies ii 
the apixarance in the fourth self-fertilised generation of ( 
variety which bore large jiccnliarly -coloured flowers, and grew 
t-> a greater height than the other varieties; it likewise became 
more highly self-fertile, so that this variety resembles the 
plant named Hero, which appeared in the sixth self-fertilised 
generation of I])omcea. 

Some flowers on one of the plants raised from the purchased 
seeds were fertilised with their own pollen ; and others on the 
same plant were crossed with pollen from a distinct plant The 
seeds from twelve capsules thus produced were placed : 
separate watch-glasses for comparison ; and those from the six 
crossed capsules a]>peored to the eye hardly more numerous 
than those from the six self-fertilised capsules. But when the 
seeds were weighed, those from the crossed capsules amounted 
to 1‘02 grain, whilst those from the self-fertilised caitsulea 
were only -81 grain ; so that the former were either heavier oi 
more numerous than the latter, in the ratio of 100 to 79. 

Cromnlaivl tel/-/ertilited PUiuU uf the Firet f/eneratiOM.— Having 
iiscertaine<l, by leaving crossed and self-fertilised seed on damp 
sand, that they germinated simultaneously, l>oth kinds were 
thickly sown on opposite sides of a brood and rather shallow 
iwn ; so tlmt the two sets of seedlings, which came up at the 
same time, were subjectcrl to the same unfavourable conditions. 
This was a liad method of treatment, but this species was oi 
the first on which I experimented. When the crossed seedlings 

• ‘A Yosi-’b Botany,’ 1874, p. 118. 
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wero on an average half an inch high, t|ie self-fortilisod ones 
were only a quarter of an inch high. When grown to their full 
height under the above unfavourable oonditiona, the four tallest 
croeaod plants averaged 7-62, and the four tollest self-fertilised 
6 *87 inches in height; orasl00to77. Ten flowers on the crossed 
plants wero fully ex|«nded before one on the self-fertilised 
plants. A few of those plants of Iwtli lots wore transplanted 
into a large pot with plenty of good earth, and the self-fertilised 
plants, not now being subjected to severe competition, grew 
daring the following year as tall as the crossed plants; but 
from a case which follows it is doubtful whether they would 
have long continued equal. Some flowers on the crossed plants 
wore crossed with pollen from another plant, and the cajwules 
thus produced contained a rather greater weight of seed tlian 
those on the self-fertilised plants again self-fertilised. 

Cnned and tdf-frrtilimd PlanU i/ the Second Oeneration.— Seeds 
from the foregoing plants, fertilised in the manner just stated, 
were sown on the opposite sides of s small pot (L) and came up 
crowded. The four tallest crossed seedlings, at the time of 
flowering, averaged 8 inches in height, wliilst the four tallest 
self-fertilised jdants averaged only 4 inches. Crossed seeds 
wore sown by themselves in a second small pot, and self- 
fertilised seeds wero sown by themselves in a third small pot ; 
so that there was no competition whatever between these two 
lots. Nevertheless the crossed plants grew from 1 to 2 
inches higher on an average tlum the self-fertilised. Both lots 
looked equally vigorous, bnt the crossed i>lants flowered earlier 
and more profusely than the self-fertilised. In Pot I., in which 
the two lots competed with each other, the crossed plants flowered 
flrst and produced a large number of capsules, whilst the 
■Blf-fertiliwd produced only nineteen. The contents of twelve 
capsules from the crossed flowers on the crowed plants, and 
of twelve capsules from self-fertilised flowers on the self-fertilised 
plants, were placed in separate watch-glasses for conijiarison ; 
and the crosswl seeds seemed more numerous by half than the 
ielf-fertilit>c<l. 

The plants on both sides of Pot L, after they had scedeH, 
were cut down and transplanted into a large pot with plenty of 
good earth, on<l on the following spring, when they had grown 
to a height of between 5 and 6 inches, the two lots were equal, 
as occurred in a similar cx|>crimont in the lost generation. 
But after some weeks the crossed plants exceeded the sclf- 
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fertilised ones on the opjKisite side of the same pot, though not 
nearly to so great a degree as before, when they were subjected 
to very severe eompetition. 

Cnued and ttif-ftriilited Plautt cf the Third Generation . — 
Crossed seeds from the crossed plants, and self-fertilised seeds 
from the self-fertilised plants of the last generation, were sown 
thickly on opfx>site aides of a small pot. No. I. The two tallest 
plants on each side wore measured after they had flowered, and 
tlje two crossed ones were 12 and 71 inches, and the two self- 
fertilised ones 8 and 51 inches in height ; that is, in the ratio of 
100 to 69. Twenty flowers on the crossed plants were again 
emssed and produced twenty cafisulcs ; ten of which contained 
1 ’83 grain weight of seeils. Thirty flowers on the self-fertilised 
Iilonts were again self-fertilised and itroduced twenty-six 
caiwulcs ; ten of the best of which (many Iieing very ixx>r) c-on- 
tainod only 87 grain weight of seeds; that is, in the ratio of 
100 to 65 by weight 

The snperiority of the crossed over the self-fertilised ]>lants 
was provc<l in various ways. Self-fertilised seeds were sown on 
one side of a pot, and two days afterwards crossed seeds on the 
op)K)sito side. The two lots of seedlings were equal until they 
were aliove lialf an inch high ; but when fully grown the two 
tallest crossed plants attained a height of 121 and 8i inches, 
whibit the two tallest self-fertilised plants were only 8 and 51 
inches high. 

In a third pot, crossed seeds were sown four daja after the 
■ self-fertilised, and the seedlings from the latter hod at first, ns 
might have lM3cn expected, an advantage; but when the two 
lots were between 6 and 6 inches in height, they were iiiual, 
and ultimately the throe tallest crossed jilants were 11, 10, and 
8 inches, whilst the three tallest self-fertilised were 12, 81, and 
71 inches in height. So that there was not mnch diflereiice 
Ix-tween them, the crossetl ]>lunts having on average advantage 
of only the thinl of an inch. The ]>lnnts were cut down, and 
without l>eing disturl)ed were transjilanted into a larger i»ot 
Thus the two lots started fair on the following spring, and now 
tile crossed plants showed their inherent superiority, for the two 
tallest were 13 inches, whilst the two tallest self-fertilised iilants 
were only 11 and 81 inches in height ; or as 100 to 75. The 
two lots were allowed to fertilise themselves spontaneously ; the 
crossed plants jiralnced a large numlier of capsules, whilst the 
self-fertilised produced very' few and poor ones. The seeds 
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from eight of the capsules on tho crossed plants weighed -66 
grain, whilst those from eight of the capsules on tho sclf-fei^ 
tilisod plants weighed only -22 grain ; or as 100 to 34. 

The crossed plants in the above three pots, as in almost all 
the previous ex|)eriment8, flowered before tho self-fertilised. 
This occurred oven in tho third pot in which tho crossed seeds 
were sown four days after tho self-fertilised seeds. 

Lastly, seeds of both lots were sown on opjKMito sides of a 
large pot in which a Fuchsia had long been growing, so that the 
earth was full of roots. Both lots grew miserably; but the 
crossed seedlings had an advantage at all times, and ultimately 
attaine<l to a height of 31 inches, whilst tho self-fertilised seed- 
lings never exceeded 1 inch. The several foregoing cx]>erimentH 
prove in a decisive manner the superiority in constitutional 
vigour of the crossed over the self-fertilised plants. 

In the three generations now described and taken together, the 
average height of the ten tallest crossed plants was 8-19 inches, 
and that of the ton tallest self-fertilised plants 5-29 inches (the 
plants having been grown in small pots), or as 100 to 65. 

In the next or fourth self-fertilised generation, several plants 
of a new and toll variety appeared, which increased in the 
later self-fertilised generations, owing to its great self-fertility, 
to the complete exclusion of tho original kinds. Tho same 
variety also appeared amongst the crossed plants, but as it was 
not at first regarded with any particular attention, I know 
not how far it was used for raising tho intercrossed plants ; and 
in tho later crossed generations it was rarely present. Owing to 
tho ap]x.‘arancc of this tall variety, the comparison of the crossed 
and self-fertilised plants of tho fifth and succeeding generations 
was tendered unfair, as all tho self-fertilised and only a few or 
none of tho crossed plants consisted of it Nevertheless, the 
results of tho later experiments arc in some respects well worth 
giving. 

Vrourtl and Iiel/-/ertilueil Plantii of the Fourth generation.— Seeds 
of tho two kinds, proiluced in tho usual vf ay from tho two sets of 
plaiit.s of the thini generation, were sown on opposite sides of 
two pots (L and II.); but the seedlings were not thinned 
enough and ilid not grow well Many of tho self-fertilised 
plants, especially in one of tho pots, consisted of tlie new and 
tall variety above referred to, which l«ie large and almost white 
flowers marked with crimson blotches. I will call it the 
WhUe variety. I believe that it firs* appcareil amongst both the 
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cro8Hod and Bclf-fertiliscd planta of the last generation ; but 
neither iny gardener nor myself eonld remember any such variety 
in the seedlings raised from the purchased seed. It must there- 
fore have arisen either through ordiiwry variation, or, judging 
from its appearance amongst both the crossed and self-fertilised 
plants, more probably through reversion to a formerly existing 
variety. 

In Pot I. the tallest crossed plant was 81 inches, and the 
tallest self-fertilised 5 inches in height In Pot IL the tallest 
crossed plant was 61 inches, and the tallest self-fertilised plant, 
which consisted of the white variety, 7 indies in height ; and 
this was the first instance in my experiments on Mimnlus in 
wiiich the tallest self-fertilised plant exceeded the tallest crossed. 
Nevertheless, the two tallest crossed plants taken together wore 
to the two tallest self-fertilised plants in height as 100 to 80. 
As yet the crossed plants were superior to the self-fertilised in 
fertility ; for twelve fiowers on the crossed plants were crossed 
and yielded ten capsules, the seeds of which weighed 1'71'grain. 
Twenty flowers on the self-fertilised plants were self-fertilised, 
and pnxlucod fifteen capsules, all apiieating poor ; and the seeds 
from tun of them weighed only '68 grain, so tliat from an 
equal numlier of capsules the crossed seeds were to the self- 
fertilised in weight as 100 to 40. 

Crened and tel/-/ertilutd Plants tf tis Fifth Oeneraticn . — Seeds 
from both lots of the fourth generation, fertilised in the usual 
manner, a-ero sown on opposite sides of three pots. When the 
seedlings flowered, must of the self-fertilised plants wore found 
to consist of the tall white variety. Several of the crossed plants 
in Pot 1. likewise liclongcd to this variety, as did a very few in 
Pots IL and IlL The tallest crossed plant in Pot 1. was 7 inches, 
and the tallest self-fertilised plant on the opposite side 8 inches; 
in Pots II. and III. the tallest crossed were 4i and Si, and the 
tallest self-fertilised 7 and 61 inches in height; so that the 
average height of the tallest plants in the two lots was os 100 
for tile crossed to 126 for the self-fertilised ; and thus vo luive 
a complete reversal of wliat occurred in the four previous geno- 
rations. Nevertheless, in all three pots the cionicd plants 
retained their habit of flowering before the self-fertilised. The 
plants were unliealthy from being crowded and from the extreme 
heat of the season, and were in consequence more or loss 
sterile ; but the crossed plants were somewhat loss stcrilo tlian 
the self-fertilised plants. 
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Cross'd and self-fertilued Plan's of the Sixih Generation . — Seeds 
from plants of the fifth generation crossed and self-fertilised in 
the usual manner were sown on opposite sides of several pots. 
On the self-fertilised side every single plant belonged to the tall 
white variety. On the crossed side some plants Itelonged to this 
variety, but the greater number approached in character to the 
old and shorter kinds with smaller yellowish flowers blotched 
with coppery brown. When the plants on both sides were from 2 
to 3 inches in height they were (xjual, but when fully grown 
the self- fertilised were decidedly the tallest and finest plants, but, 
from want of time, they were not actually measured. In half 
the iK)ts the first plant which flowered was a self-fertilised one, 
and in the other half a crossed one. And now another remark- 
able change was clearly perceived, namely, that the self-fertilised 
plants had become more self-fertile than the crossed. The 
pots were all put under a net to exclude insects, and the crosse<l 
plants produced spontaneously only fifty-five capsules, whilst 
the self-fertilised plants produced eighty-one capsules, or as 100 
to 147. The seeds from nine capsules of both lots were placed 
in separate watch-glasses for comparison, and the self-fertilised 
appeared rather the more numerous. Besides these sponta- 
neously self-fertilised capsules, twenty flowers on the crossed 
plants again crossed yielded sixteen capsules; twenty-five 
flowers on the self-fertilised plants again self-fertilised yielded 
seventeen capsules, and this is a larger proportional number of 
capsules than was produced by the self-fertilised flowers on the 
self-fertilised plants in the previous generations. The contents 
of ten cajisules of both those lots were compared in separate 
watch-glasses, and the seeds from the self-fertilised appeared 
decidedly more numerous than those from the crossed plants. 

Crosud and tdf-fertilised Plants the Seventh Generation . — 
Crossed and self-fertilised seeds from the crossed and self-ferti- 
lised plants of the sixth generation were sown in the usual 
manner on opposite sides of throe pots, and the seedlings were 
well and equally thinned. Every one of the sclf-fertilisod plants 
(and many wore raised) in this, as well as in the eighth and ninth 
generatiiiuH, belonged to the tall white variety. Their uniformity 
of character, in comparison with the seedlings first raised from 
the purchased seed, was quite remarkable. On the other hand, 
the crossed plants differ^ much in the tints of their flowers, 
but not, I think, to so great a degree as those first raised. 
I determined this time to measure the plants on l>oth sides 
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rarefully. Tlio self-fertilised seedlings came np rather tefore the 
crossed, but both lots were for a time of equal height. When first 
measured, the average height of the six tallest crossed plants in 
the three pots was 7'02, and that of the six tallest self-fertilised 
plants 8-U7 inches, or as 100 to 128. When fully grown the 
same plants were again measured, with the result shown in the 
following table:— 



Table XVIII. {Seaenllt Oeneration.} 



No. of Pol 


CmmI Plains. 


! Seir-fertiUsed Plants. 




Inches. 


InclKs. 


I. 


J'l 






Hi 


18 


II. 


12} 

H| 


ill 


111. 


9} 

1I| 


j2f 


Total inches. 


6d'»» 


93-88 



The average height of the six crossed is here 11 '43, and that 
of the six self-fertilised 15 '64, or as 100 to 137. 

As it was now evident that the tall white variety transmitted 
its characters faithfully, and as the self-fertilised plants coasisted 
exclusively of this variety, it was manifest that they would 
always exceed in height the crossed plants which belonged 
chiefly to the original shorter varieties. This line of experiment 
was therefore discontinued, and 1 tried whether intercrossing 
two self-fertilised plants of the sixth generation, growing in dis- 
tinct pots, would give their offitpring any advantage over the 
ofilspring of flowers on one of the same plants fertilised with their 
own pollen. These latter seedlings formed the seventh genera- 
tion of self-fertilised plants, like those in the right-hand column 
in Table XVII L ; the crossed plants were the product of six 
previous self-fertilised generations with an intercross in the 
last generation. The seeds were allowed to germinate on sand, 
and were planted in pairs on opposite sides of four pots, all the 
remaining seeds being sown crowded on opposite sides of Pot 
V. in Table XIX. ; the three tallest on each side in this latter pot 
being alone measured. All the plants wore twice measured — the 
first time whilst young, and the average height of the crossed plants 
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to that of tho Holf-fertilisod was then ns 100 to 122. When fully 
grown they wore again measured, as in the following table : — 




Tho average height of the sixteen intercrossed plants is here 
9'96 inches, and that of the sixteen self-fertilised plants 10-96, or 
as 100 to 110 ; so that the intercrossed plants, the progenitors of 
which had been self-fertilised for the six previous gmerations, 
and had been exposed during the whole time to remarkably uni- 
form conditions, were somewhat inferior in height to the plants 
of the seventh self-fertilised generation. But as wo shall pre- 
sently see tlut a similar experiment made after two additional 
generations of self-fertilisation gave a different result, I know 
not how far to trust the present one. In three of the five 
pots in Table XIX. a self-fertilised plant flowered first, and in 
the other two a crossed plant These self-fertilised plants were 
lemarkably fertile, for twenty flowers fertilised with their own 
pollen produced no less than nineteen very fine capsules ! 
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77ie effecU of a Crost with a dUUnct Stock . — Some flowers on the 
self-fertilised plants in Pot IV. in Table XIX. were fertilised 
with their own pollen, and plants of the eighth self-fertilised 
generation were thus raised, merely to serve as parents in the fol- 
lowing experiment Several flowers on these plants were allowed 
to fertilise themselves spontaneously (insects being of course 
excluded), and the plants raised from these seeds formed the 
ninth self-fertilised generation ; they consisted wholly of the tall 
white variety with crimson blotches. Other flowers on the 
same plants of the eighth self-fertilised generation were crossed 
Mrith pollen taken from another plant of the same lot ; so that 
the seedlings thus raised were the offspring of eight previous 
generations of self-fertilisation with an intercross in the last 
generation; these I will call the uitmrossed plant$. Lastly, 
other flowers on the same plants of the eighth self-fertilised 
generation were crossed with ]X)IIen taken from plants which had 
l)cen raised from seed procured from a garden at Chelsea. The 
Chelsea plants bore yellow flowers blotched with red, but differed 
in no other respect. They had been grown out of doors, whilst 
mine had been cultivated in pots in the greenhouse for tho 
lost eight generations, and in a different kind of soil. The 
seedlings raised from this cross with a wholly different stock 
may bo called the “ CheUea-erotstd.” Tlie three lots of seeds 
thus obtained were allowed to germinate on bare sand; and 
whenever a seed in all three lots, or in only two, germinated at 
the some time, they were planted in pots superficially divided 
into throe or two compartments. The remaining seeds, 
whether or not in a state of germination, were thickly sown in 
throe divisions in a largo pot, X., in Table XX. When the plants 
had grown to their full height they were measured, as shown in 
the following table; but only the three tallest plants in each of 
the three divisions in Pot X. were measured. 

In this table the average height of the twenty-eight Chelsea- 
croesed plants is 111-G2 inches; that of the twenty-seven inter- 
crossed plants 12 '2 ; and that of the nineteen self-fertilised 10*44. 
But with respect to tho latter it will be the fairest plan to strike out 
two dwarfed ones (only 4 inches in height), so as not to exaggerate 
the inferiority of tho self-fertilised plants ; and this will raise the 
average height of the seventeen remaining self-fertilised plants 
to 11*2 inches. Therefore the Chelsea-crossed are to the inter- 
crossed in height as 100 to 56; tho Chelsea-crossed to the self- 
fertilised as 100 to 52; and the intercrossed to the self-fertilised 
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08 100 to 92. Wo thus sco how immensely superior in height 
the Chelsea-crossed are to the intercrossed and to the self- 
fertilised ]>lants. They began to show their snperiority when 
only one inch high. They were also, when fully grown, much 
more branched with larger leaves and somewhat larger flowers 
than the plants of the other two lota, so that if they had been 
weighed, the ratio would certainly have been much higher than 
that of 100 to 56 and 52. 

The intcrerossod plants are here to the self-fertilised in 
height as 100 to 92; whereas in the analogous experiment 
given in Table XIX. the intercrossed plants from the self- 
fertilised plants of the sixth generation were inferior in height 
to the self-fertilised plants in the ratio of 100 to 110. I 
doubt whether this discordance in the results of the two 
experiments can lie explained by the self-fertilise*! plants in the 
present case having been raised from s|x>ntancously self- 
fertilised seeds, whereas in the former case they were raised 
from artiflcially self-fertilised seeds; nor by the present plants 
having been self-fertilised during two additional generations, 
though this is a more probable explanation. 

With respect to fertility, the twenty-eight Chelsea-crossed 
plants pnslueal 272 capsules; the twenty-seven intercrossed 
plants produced 24 ; and the seventeen self-fertilised plants 17 
capsules. All the plants were left uncovered so as to be naturally 
fertilised, and empty capsules were rejected. 

Caytukt. 

Therefore 20 Chelsea-crossed plants would have produced 194-29 
„ 20 Intercrossed plants „ „ 17 '77 

„ 20 Self-fertilised plants „ „ 20 ’00 

Graint. 

The seetls contained in 8 capsules from the Chelsea- I 

crossed plants weighed | 

The 8»eds contained in 8 capsules from the Intercrossed 1 q.^j 

plants weighed ( 

The seeds contained in 8 capsules from the Self-fertilised I Q.33 
plants weighed ( 

If we combine the number of capsules produced together with 
the average weight of contained seeds, we get the following 
extroordiuar}’ ratios : 

Weight of seed produced by the same numl>er I . ion tn 4 
of Chelsea-crossed and intercrossed plants . 1 
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Weight of seed produced by the same number i 

of Chelsea-crossed and self-fertilised plants f ° 

Weight of seeds produced by the same number 1 

of intercrossed and self-fertilised plants . . 1 ° 

It is also a remarkable fact tliat the Chelsea-crossed plants 
exceeded the two other lots in hardiness, os greatly as they did 
in height, luxuriance, and fertility. In the early autumn most of 
the iK)t8 were bedded out in the open ground ; and this always 
injures plants which have been long kept in a warm greenhouse. 
All throe lots consequently suffered greatly, but the Chelsea- 
crosse<l plants much less than the other two lots. On the 3rd of 
Octol>er the Chelsea-crossed plants Itegan to flower again, and 
continued to do so for some time ; whilst not a single flower was 
produced by the plants of the other two lots, the stems of which 
were cut almost down to the ground and seemed half dead. 
Early in Decemlnsr there was a shar]) frost, and the stems of 
Chelsea-crossed were now cut down ; but on the 23rd of Deecmlicr 
they began to shoot up again from the roots, whilst all the plants 
of the other two lots were quite dead. 

Although several of the sclf-fertilisod seeds, from which the 
plants in the right-hand column in Table XX. were raised, germi- 
natal (and were of course rejected) before any of those of the 
other two lots, yet in only one of the ten pots did a self- 
fertilised plant flower liefore the Chclsca-crosf^ or the inter- 
crossed plants growing in the same jiots. The plants of these 
two latter lots flowered at the same time, though the Clielsca- 
crossed grew so much taller and more vigorously than the 
intercrossed. 

As already stated, the flowers of the plants originally raised 
from the Chelsea seeds were yellow ; and it deserves, notice that 
every one of the twenty-eight seedlings raised from the tall 
white variety fertilised, without l)cing castratc<l, with pollen 
from the Chelsea plants, produced yellow flowers; and this 
shows how preixjtent this colour, which is the natural one of 
the species, is over the white colour. 

The Kffecte on the Offepring qf intercroeeing Flowert on the 
tame Plant, instead of crossing distinct Individuals . — In all the 
foregoing experiments the crossed plants were the product of a 
cross between distinct plants. I now selected a very vigorous 
plant in Table XX., raised by fertilising a plant of the eighth 
self-fertilised generation with ix)llen from the Chelsea stock. 
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Several flowers on this plant were crossed with pollen from other 
flowers on the same plant, and several other flowers were 
fertilised with their own pollen. The seed thus produced was 
allowed to germinate on l>nre sand ; and the seedlings were 
planted in the usual manner on the opposite sides of six 
pots. All the remaining seeds, whether or not in a state of 
germination, wore sown thickly in Pot VII. ; the throe tallest 
plants on each side of this latter pot being alone measured. As I 
was in a hurry to learn the result, some of these seetls were sown 
late in the autumn, but the plants grow so irregularly during 
the winter, that one crossed plant was 281 inches, and two 
others only 4, or less than 4 inches in height, os may bo seen 
in Table XXL Under such circumstances, as I have observed 
in many other eases, the result is not in the least trust- 
worthy; nevertheless I feel bound to give the measurements. 



Table XXI. 
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The Bfteon crossed plants here average 14-05, and the fifteen 
self-fertilised plants 9-38 in height, or as 100 to 67. But if 
all the plants under ten inches in height are struck out, the ratio 
of the eleven crossed plants to the eight self-fertilised plants 
is as 100 to 82. 

On the following spring, some remaining seeds of the two 
lots were treated in exactly the same manner; and the measure- 
ments of the seedlings are given in the following table : 
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Here the average height of the twenty-two erossed plants is 
lG'85,and that of the twenty-two self-fertilised plants 16’07 ; or 
as 100 to 95. But if four of the plants in Pot VII., which are 
much shorter than any of the others, are struck out (and this 
would be the fairest plan), the twenty-one crossed are to the 
nineteen self-fertilised plants in height as 100 to 100 '6 — that is, 
are equal. All the plants, except the crowded ones in Pot VIII., 
after being measured were cut down, and the eighteen erossed 
plants weighed 10 oz., wliilst the same mimlwr of self-fertilised 
plants weighed lOi oz., or as 100 to 102' 5 ; but if the dwarfed 
plants in Pot VII. had been excluded, the self-fertilised would 
have exceeded the crossed in weight in a liigher ratio. In all 
the previous experimeuts in which seedlings were raised from a 
cross between distinct plants, and were put into competition 
with self-fertilised plants, tlie former generally flowered first ; 
but in the present case, in seven out of the eight pots a 
self-fertilised plant flowered before a crossed one on the 
opposite side. Considering all the evidence with respect to 
the ])Iants in Table XXII., a cross between two flowers on the 
same plant seems to give no advantage to the ofispring thus 
produced, the self-fertilised plants being in weight suin rior. But 
this conclusion cannot lx> aheolutoly trusted, owing to the 
measurements given in Table XXI., though these latter, from 
the cause already assigned, are very much less trustworthy than 
the present ones. 

Summary of Observations ott Mimtilus luteus . — In the 
three first generations of crossed and self-fertilised 
plants, the tallest plants alone on each side of tlie 
several pots were measured ; and the average height 
of the ten crossed to that of the ten self-fertilised 
plants was as 100 to 04. The crossed were also much 
more fertile than the self-fertilised, and so much 
more vigorous that they exceeded them in height, oven 
when sown on the opjmsite side of the same pot after 
an interval of four days. The sjune superiority was 
likewise shown in a remarkable manner when both 
kinds of seeds were sown on the opposite sides of a j>ot 
with very poor earth full of the roots of another plant 
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In one instance crossed and self-fertilised seedlings, 
grown in rich soil and not put into cunii>etition with 
each other, attained to an equal height When we 
come to the fourth generation the two tallest crossed 
plants taken together exceeded by only a little the two 
tallest self-fertilised plants, and one of the latter beat 
its crossed opponent, — a circumstance which had not 
occurred in the previous generations. This victorious 
self-fertilised plant consisted of a new white-flowered 
variety, which grew taller than the old yellowish 
varieties. From the first it seeme<l to bo rather more 
fertile, when self-fertilised, tlmn the old varieties, and 
in the succeeding self-fertilised generations became 
more and more self-fertile. In the sixth generation the 
self-fertilised plants of this variety comjiarcd with the 
crossed plants produced capsules in the proportion 
of 147 to 100, both lots being allowed to fertilise 
themselves s|)outaneously. In the seventh generation 
twenty flowers on one of these plants artificially 
self-fertilised yielded no less than nineteen very fine 
eapsuh^ ! 

This variety transmitted its characters so faithfully 
to all the succeeding self-fertilised generations, up to 
the last or ninth, that all the many plants which were 
raised presented a complete uniformity of character ; 
thus oflering a remarkable contrast with the seedlings 
raised from the purchased seeds. Yet this varietv 
retainecl to the last a latent tendency to produce 
yellow flowers ; for when a plant of the eighth self- 
j fertilised generation was crossed with pollen from a 
I yellow-flowere<l plant of the Chelsea stock, every 
I single seedling bore yellow flowers, A similar variety, 
I at least in the colonr of its flowers, also appear^ 
I amongst the crossed plants of the third generation. 

, ■j No attention was at first paid to it, and I know not 
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how far it was at first used either for crossing or self- 
fertilisation. In the fifth generation most of the 
self-fertilised plants, and in the sixth and all the 
succeeding generations every single plant consisted of 
this variety ; and this no doubt was partly due to its 
great and increasing self-fertility. On the other 
hand, it disapjieared from amongst the crossed plants 
in the later generations; and this was probably 
due to the continued intercrossing of the several 
plants. From the tallness of this variety, the self- 
fertilised plants exceeded the crossed plants in height 
in all the generations from the fifth to the seventh 
inclusive; and no doubt would have done so in the 
later generations, had they been grown in competition 
with one another. In the fifth generation the crossed 
plants were in height to the self-fertilised, as 100 to 
12G ; in the sixth, as 100 to 147 ; and in the seventh 
generation, as 100 to 137. This excess of height may 
be attributed not only to this variety naturally growing 
taller than the other plants, but to its {assessing a 
peculiar constitution, so that it did not suffer from 
continued self-fertilisation. 

This variety presents a strikingly analogous case to 
that of the plant called the Hero, which appeared in 
the sixth self-fertilised generation of Ipomooa. If 
the seeds produced by Hero had been as greatly in 
excess of those produced by the other plants, as was the 
case with Mimulus, and if all the seeds had been 
mingled together, the offspring of Hero would have 
increased to the entire exclusion of the ordinary 
plants in the later self-fertilised generations, and from 
naturally growing taller would have exceeded the 
crossed plants in height in each succeeding generation. 

Some of the self-fertilised plants of the sixth gene- 
ration were intercrossed, as were some in the eighth 
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generation ; and the seedlings from these crosses were 
grown in competition with self-fertilised plants of the 
two corres|)onding generations. In the first trial the 
intercrossed plants were less fertile than the self- 
fertilised, and less tall in the ratio of 100 to 110. 
In the second trial, the intercrossed plants were more 
fertile than the self-fertilised in the ratio of 100 to 
73, and taller in the ratio of 100 to 92. Notwith- 
standing that the self-fertilised plants in the second 
trial were the product of two additional generations 
of self-fertilisation, I cannot understand this discor- 
dance in the results of the two analogous experiments. 

The most im{)ortant of all the exj)criment8 on 
Mimulus are those in which flowers on plants of the 
eighth self-fertilised generation were again self-ferti- 
lised ; other flowers on distinct plants of the same lot 
were intercrossed ; and others were crossed w ith a new- 
stock of plants from Chelsea. The Chelsea-crossed 
seedlings were to the intercrossed in height as 100 to 
56, and in fertility os 100 to 4 ; and they were to the 
self-fertilised plants, in height as 100 to 52, and in 
fertility as 100 to 3. These Chelsea-crossed plants 
were also much more hardy than the plants of tlie 
other two lots ; so that altogether the gain from the 
cross with a fresh stuck was wonderfully great. 

Lastly, seedlings raised from a cross between flowers 
on the same plant were not superior to those from 
flowers fertilised with their own pollen ; but this result 
cannot be absolutely trusted, owing to some previous 
observations, which, however, were made under veiy 
unfavourable circumstances. 

DioITAUB rCBPCBSA. 

The flowers of the common Foxglove are protcrandrous ; that 
is, the pollen is mature and mostly shod lieforo the stigma of 
the snmo Slower is ready for fertilisation. This is effected by 
o 
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the larger humhle-liecs, which, whilst in search of nectar, carrj 
l»ollcn from flower to flower. The two upper and longer 
stamens shed their i)oIIen before the two lower and shorter 
ones. The meaning of this fact probably is, as Dr. Ogle re- 
marks,* that the anthers of the longer stamens stand near to 
the stigma, so that they would bo the most likely to fertilise it ; 
and as it is an advantage to avoid self-fertilisation, they shed 
their pollen first, thus lessening the chance. There is, however, 
but little danger of self-fertilisation until the bifid stigma 
opens ; for Hildebrand t found that pollen placed on the stigma 
l*fore it had opened produced no efiect. The anthers, which 
are large, stand at first transversely with rcsix-ct to the tubular 
corolla, and if they were to dehisce in this jKisition they would, 
us Dr. Ogle also remarks, smear with pollen the whole l«uck and 
sides of an entering humble-bee in a useless manner; but the 
anthers twist round and place themselves longitudinally before 
they dehisce. The lower and inner side of the mouth of the 
corolla is thickly clothed with hairs, and these collect so much 
of the fallen pollen that I have seen the under surface of a 
hnmblo-l>eo thickly dusted with it; but this can never be ap- 
plied to the stigma, ns the bees in retreating do not turn their 
under surfaces upwards. I was therefore puzzled whether these 
haire were of any use ; but Mr. Belt has, I think, explained 
their use : the smaller kinds of bees are not fitted to fertilise 
the flowers, and if they were allowed to enter easily tliey would 
steal much nectar, and fewer large liees would haunt the 
flowers. Humble-bees can crawl into the dependent flowers 
wth the greatest case, using the “ hairs as footholds while 
sucking the honey; but the smaller bees are impeded by 
them, and when, having at length struggled through them, they 
reach the slij)!*!?' precipice above, they ate completely 
baffle*!.” Mr. Belt says tliat he watched many flowers during 
a whole season in North Wales, and “ only once saw a small 
l)oi‘ reach the nectary, though many were seen trying in vain to 
do so.” t 

I covered a plant growing in its native soil in North Wales 
with a net, and fertilised six flowers each with its own iKjIlen, 
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and six othcra with pollen from a distinct plant iat>winK within 
the distance of a few feet. The cororod plant was occasionally 
slukcn with Tiolence, so as to imitate the effects of a gale of 
wind, and thus to facilitate as far as possible self-fertilisation. 
It iKjre ninety-two flowers (besides the dozen artificially ferti- 
lised), and of these only twenty-four prodneed caiwules ; whereas 
almost all the flowers on the surrounding uncovered plants were 
fruitful. Of the twenty-four spontaneously self-fertilised cap- 
sules, only two contained their full complement of seed ; six 
contained a moderate supply ; and the remaining siTfAwp ex- 
tremely few seeds. A little pollen adhering to the anthers after 
they had dehisced, and acciclentally falling on the stigma when 
mature, must have been the means by which the above twenty- 
four flowers wore jiartially self-fertilised ; for the margins of the 
corolla in withering do not curl inwartls, nor do the flowers in 
dropping off turn round on their axes, so as to bring the pollen- 
covered hairs, with which the lower surface is clothed, into con- 
tact with the stigma— by either of which means self- fertilisation 
might be effected. 

Seeds from the above crossed and self-fertilised capsules, after 
germinating on bare sand, were planted in pairs on the opposite 
sides of five moderately-sized pots, which were kept in tlie green- 
house. The plants after a time appeared starved, and were 
therefore, witlioat being disturbed, turned out of their pots, and 
planted in the open ground in two close parallel rows. They 
were thus subjected to tolerably severe competition with one 
another; but not nearly so severe as if they had been left in the 
pots. At the time when they were turned out, their leaves were 
between 5 and 8 inches in length, and the longest leaf on 
the finest plant on each side of each pot was measured, srith the 
result that the leaves of the crossed plants exceeded, on an 
average, those of the self-fertilised plants liy '4 of an inch. 

In the following summer the tallest flower-stem on each plant, 
when fully grown, was measured. There were seventeen crossed 
plants ; but one did not produce a flower-stem. There were also, 
originally, seventeen self-fertilised plants, but these bad such 
poor constitutions that no less than nine died in the course of 
the winter and spring, leaving only eight to be measured, as in 
the following table : — 



U 



2 
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Table XXIIL 

The taXlett Flower-item on each Plant measured: 0 means that 
the Plant died before a Flower-stem was produced. 



No. of Poi. j 


Croawd Plante. 


Self-fertiUsed PUnta. 






iDCbM. 


I. 


53t 






571 


55 1 




57J ! 


0 




65 




II. 1 


34j 


39 




i__ J 


21 


III. 


571 


" '531 




501 


0 




37i 





IV. 


1 641 


ft! 




1 ! 


23} 


V. 


, 53 


0 


478 , 


0 




34| 


0 


Total in inches. 


821-25 j 


j 287-00 



The average height of the flower-stems of the sixteen crossed 
plants is here 61-33 inches; and that of the eight self-fertilised 
plants 85-87 ; or as 100 to 70. But this difierence in height does 
not give at all a fair idea of the vast superiority of the crossed 
plants. These latter produced altogether sixty-four flower-stems, 
each plant producing, on an average, exactly four flower-stems; 
whereas the eight self-fertilised plants produced only fifteen 
flower-stems, each producing an average only of 1-87 stems, and 
these had a le.ss luxuriant appearance. We may put the result in 
another way : the number of flower-stems on the crossed plants was 
to those on an equal number of self-fertilised plants as 100 to 48. 

Three crossed seeds in a state of genninaUon were also planted 
in three separate pots ; and three self-fertilised seeds in the 
same state in three other pots. These plants were therefore 
at first exposed to no competition with one another, and when 
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tariied out of their pots iuto the open ground they were planted 
at a moderate distance apart, so that they were exposed to much 
loss severe competition than in the last case. The longest leaves 
on the three crossed plants, when turned out, exceeded those on 
the self-fertilised plants by a mere trifle, viz., on an average by 
*17 of an inch. When fully grown the three crossed plants 
produced twenty-six flower-stems ; the two tallest of which on 
each plant were on an average 54 '01 inches in height The 
three self-fertilised plants pranced twenty-three flower-stems, 
the two tallest of which on each plant bod an average height of 
46 '18 inches. So that the flifference between these two lots, 
which hardly competed together, is much less than in the last 
case when there was moderately severe competition, namely, as 
100 to 85, instead of as 100 to 70. 

The t.ffnte on the Offipring of intereroeeitig different FUnotreon 
the tame Plant, inetead of croeting distinct Individuals. — A fine 
plant growing in my garden (one of the foregoing seedlings) was 
covered with a net, and six flowers were crossed with pollen from 
another flower on the same plant, and six others wore fertilised 
with their own pollen. All produced good capsules. The seeds 
from each wore placed in separate watch-glasses, and no difibrence 
could be perceived by the eye between the two lots of seeds ; 
and when they were weighed there was no difference of any sig- 
nificance, as the seeds from the self-fertilised capsules weighed 
7 '65 grains, whilst those from the crossed capsules weighed 
7 '7 grains. Therefore the sterility of the present species, when 
insects are excluded, is not due to the impotence of pollen 
on the stigma of the same flower. Doth lots of seeds and seed- 
lings were treated in exactly the same manner as in the previous 
table (XXIII.), excepting that after the pairs of germinating seeds 
had been planted on the opposite aides of eight pots, all the 
remaining seeds were thickly sown on the opposite sidM of Pots IX. 
and X. in Table XXIV. The young plants during the following 
spring were turned out of their pots, without being disturbed, 
and planted in the open ground in two rows, not very close 
together, so that they were subjected to only moderately severe 
competition with one another. Very differently to what oocnrretl 
in the first experiment, when the plants were subjected to 
somewhat severe mutual competition, an equal number on each 
side either died or did not produco flower-stems. The tallest 
flower-stems on the surviving plants were measured, as shown in 
the following table 
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B. 0 ngni/U* that iht Plant dUd, or did not produce a Flower- 



NO.OTFM. 


Min« Pliint. 


Plata will* ftaw 
Ft.wan fcrUUat 
wtthUMiroamPoUan 


L 


InehM. 

49] 

Si 


iBchaa. 

45} 

53 

0 


11. 


38] 


54} 




47| 






0 




JIL 


54} 


46| 


IV. 


SS} 


41, 




0 


8»! 




4.3} 


87 1 


V. 


469 


421 




40i 


42 




43 


0 


VL 


481 


471 




Ml 


48| 


VII. 


481 


25 




43 


40 1 


VIII. 


48} 1 


89 } 


IX. 


48 


30| 


Crovdad PluU. 


50} 


15 




461 


36} 




47| 






0 


8li 


X. 1 


46| 


47} 


Crowdad PUata. | 


35| 


0 




S4| 


341 


1 


41} 


40} 


1 


17| 




Total iochaa. | 


1078-00 1 


995-38 
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The average height of the flower-stems on the twenty-five 
crossed plants in all the pots taken together is 43 12 inches, and 
that of the twenty-five self-fertilised plants 39‘82, oras 100 to 
92. In order to tost this result, the plants planted in i>airs in 
Pots I. to Vm. were considered by themselves, and the average 
height of the sixteen crosted plants is here 44 -9, and that of the 
sixteen self-fertilised plants 42-03, or as 100 to 94. Again, the 
plants raised from the thickly sown seed in Pots IX. and' X., 
which were subjected to very severe mutnal competition, were 
taken by themselves, and the average height of the nine crossed 
plants is 39 -86, and that of the nine self-fertilised plants 35-88, or 
as 100 to 90. The plants in these two latter pots (IX. and X.), 
after being measured, were cut down close to the ground and 
weighed: the nine crossed plants weighed 67-60 ounces, and 
the nine self-fertilised plants 45 ‘25 ounces, or as 100 to 78. On 
the whole we may conclude, especially from the evidence of 
weight, that seedlings from a cross between flowers on the same 
plant have a decided, though not great, advantage over those 
from flowers fertiUsed with their own ix>llen, more especially 
in the case of the plants subjected to severe mutnal competition. 
But the advantage is much less than that exhibited by the 
crossed ofispring of distinct plants, for thase exceeded the self- 
fertilised plants in height as 100 to 70, and in the number of 
flower-stems as 100 to 48. Digitalis thus differs from Iiwmcea, 
and almost certainly from Mimulus, as with these two species 
a cross between flowers on the same plant did no good. 



Calceolabia. 

A bu«iy gnenhoute variety, mlh yellow ftotven Uotehed with purple. 

The flowers in this genus are constructed so as to favour or 
almost ensure cross-fertilisation;’ and Mr. Anderson remarks t 
that extreme care is neceasary to exclude insects in order to 
preserve any kind true. He adds the interesting statement, tlmt 
when the corolla is out quite away, insects, as far as ho has seen, 
never discover or visit the flowers. This plant is, however, self- 
fertile if insects are excluded. So few exiierimcnts were 
made by me, that they are hardly worth giving. Crossed and 
self-fertilised seeds were sown on opposite sides of a ix)t, and 



der Blnmeu,’ 1873, p. 277. 



t ‘Gardeners’ Clironiele,’ 1853, 
p. 534. 
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after a time the crossed seedlings slightly exceederl the self- 
fertilised in height. When a little further grown, the longest 
leaves on the former were very nearly 8 inches in length, 
whilst those' on the self-fertilised ]>Iants were only 2 inches. 
Owing to an accident, and to the pot being too small, only one 
plant on each side grew np and flowered ; the crossed plant was 
19J inches in height, and the self-fertilised one 15 inches; or as 

100 to ri. 

Limabia vcloabis. 

It lias been mentionc<l in the introductory chapter that two 
large beds of this plant were raised by me many years ago from 
crossed and self-fertilise<l seeils, and that there was a conspicu- 
ous difference in height and general appearance Iwtwcen the 
two lots. The trial was afterwards repeated with more care; 
but as tliis was one of the first plants experimented on, my 
usual method was not followed. Seeds were taken from wild 
plants growing in this neighlwurhood and sown in ixx>r soil in 
my garden. Five plants were covered with a net, the others 
l«ing left exposed to the bees, which incessantly visit the flowers 
of this species, and which, according to H. Muller, are the 
exclusive fertilisers. This excellent ot)server remarks * that, as 
the stigma lies between the anthers and is mature at the same 
time with them, self-fertilisation is possible. But so few seeds 
are produced by protected plants, that the pollen and stigma of 
the same flower seem to have Uttlo power of mutual interaction. 
The cxix)scd plants bore numerous capsules forming solid 
spikes. Five of these caijsnles were examined and apjxjared to 
contain an equal number of see<ls; and these being counted in 
one capsule, were found to be 166. The five protected plants pro- 
duced altogether only twenty-five capsules, of which five were 
much finer than all the others, and these contained an average of 
23 ' 6 seeds, with a maximum in one capsule of fifty-five. So that 
the number of seeds in the caimulcs on the exjx)sod plants to 
the average numlx;r in the finest capsules on the ])rotccted 
plants was os 100 to 14. 

Some of the s]K>ntanconsly self-fertilised seeds from under 
the net, and some seeds from the uncovered plants naturally 
fertiliseil and almost certainly intercrossed by the bees, were 
sown seixirately in two large pots of the same size ; so that the 



‘ Die Bcfnichtung,’ Ac. p. 279. 
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two lots of soedlings were not subjocte<l to any mutual competi- 
tion. Tliree of the crossisl plants when in full flower were 
measun.'tl, hut no care was taken to select the tallest ])lant<i; 
their heights were 7j, 7(, and 6| inches; averaging 7’08 in 
height. The three tallest of all the self-fertilised plants were 
tlien carefidly selected, and their heights were 6|, 6|, and 6J, 
averaging .I '75 in heiglit. So that the naturally crossed plants 
wore to the spontaneously self-fertilised plants in height, at 
least as much os 100 to 81. 

Vebbabcum THArSCB. 

The flowers of this plant are frequented by various insects, 
chiefly by bees, for the sake of the iwllon. H. Muller, however, 
has shown (' Die Bcfruchtung,’ &c. p. iJ77) that K nigrum 
secretes minute drops of nectar. The arrangement of the repro- 
ductive organs, though not at all complex, favours cross-fer- 
tilisatiou; and even distinct species arc often crossed, for a 
greater numlicr of naturally produced hybrids have been oliserved 
in this genus than in almost any other.* Kevcrtheloss the 
present species is perfectly self-fertile, if insects are excluded ; 
for a plant protected by a net was as thickly loaded with fine 
capsules as the surrounding uncovered plants. Verhaicum 
lychuitis is rather less self-fertile, for some protected plants did 
not yield quite so many capsules as the adjoining uncovered 
plants. 

Plants of V. ihaptut had been raised for a distinct pnrjx)so 
from self-fertilised seeds ; and some flowers on these plants were 
again self-fertilised, yielding seed of tlio second self-fertilised 
generation ; and other flowers were crossed with pollen from a 
distinct plant. The seeds thns produced were sown on the 
opposite sides of four large pots. They germinated, however, so 
irregularly (the crossed seedlings generally coming up first) 
that I was able to save only six pairs of equal age. These when 
in full flower were measured, as in the following table (XXV.), 

Wo hero see that two of the self-fertilised (dants excee<l in 
height their crossed opponents. Nevertheless the average height 
of tlio six crossed plants is 65 '84 inches, and that of the six 
self-iertiliHod plants 66 '5 inches; or as 100 to 86. 

• I have given a striking case found growing wild: ‘Journal of 

of a largo number of such hybrids Liun. Soo. Hot.’ vol. x. p. 431. 

between V, thapiu$ and Igchniiit 
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VaNDBLUA NUMMCLAErFOLlA. 

Seeds were sent to me by Mr. J. Scott from Calcutta of this 
small Indian weed, which bears jxirfcct and cleistogene * flowers. 
The latter are extremely small, imperfectly developed, and never 
expand, yet yield plenty of seeds. The i»rfcct and open 
flowers are also small, of a white colour with purple marks ; they 
generally produce seed, although the contrary has been 
asserted ; and they do so even if protected from insects. They 
have a rather complicated structure, and appear to be adapted 
for cross-fertilisation, but were not carefully examined by me. 
They are not easy to fertilise artificially, and it is possible that 
some of the flowers which I thought that I had succeeded in 
crossing were afterwards spontaneously self-fertilised under the 
net. Sixteen capsules from the ci-ossod perfect flowers contained 
on an average ninety-three seeds (with a maximum in one 
capsule of 137), and thirteen capsules from the self-fertilised 
perfect flowers contained sixty-two seeds (with a maximum in 
one capsule of 135) ; or as 100 to C7. But I suspect that this 
considerable excess was accidental, ns on one occasion nine 
crossed capsules wore compared with seven self-fertilised cap- 
sules (both included in the above numlier), and they contained 
almost exactly tlio same average number of seed. I may add 



• Tho convenient term of cl«f«- an Bitiolo on the present genus in 
logene was proposed by Kuhn in ‘ Bot, Zeitung,’ 1807, p. 05. 
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that fifteen caiMuIes from self-fertilised cleistogene flowers con- 
tained on an aTerago sixty-four seeds, with a maximum in one 
of eighty-BOTen. 

Crossed and self-fertilised seeds from the perfect flowers, and 
other seeds from tlie self-fertilised cleistogene flowers, were sown 
in five pots, each divided su])erflcially into three compartments. 
The seedlings were thinned at an early age, so that twenty 
plants were loft in each of the three divisions. Tlio crossed i)lants 
when in full flower averaged 4 ’3 inches, and the self-fertilised 
plants from the perfect flowers 4 ‘27 inches in height ; or as 100 
to 99. The self-fertilised plants from the cleistogene flowers 
averaged 4 '06 inches in height; so that the croceed were in 
height to these latter plants as 100 to 94. 

1 determined to compare again the growth of plants raised 
from crossed and self-fcrtilise<i iHjrfect flowers, and obtained two 
fresh lots of seeds. These were sown on opposite sides of five 
pots, but they were not sufficiently thinned, so that they grew 
rather crowded. When fully grown, all those above 2 inches 
in height were selected, all below this standard being rejected ; 
the former consisted of forty-seven crossed and forty-one self- 
fertilised plants ; thus a greater number of the crossed than of 
the self-fertilised plants grew to a height of above 2 inches. Of 
the crossed plants, the twenty-four tallest were on an average 
3'6 inches in height; whilst the twenty-four tallest self- 
fertilised plants were 3*38 inches in average height ; or as 100 
to 94. All tliese plants were then cut down close to the ground, 
and the forty-seven crossed plants weighed 1090 '3 grains, and 
the forty-one self-fertilised plants weighed 887 '4 grains. There- 
fore an equal numlier of crossed and self-fertilised would have 
been to each other in weight os 100 to 97. From these several 
fiuits we may conclude that the crossed plants had some real, 
though very slight, advantage in height and weight over the 
self-fertilised plants, when grown in competition with one 
another. 

The crossed plants were, however, inferior in fertility to the 
self-fertilised. Six of the finest plants were selected out of the 
forty-seven crossed plants, and six out of the forty-one self- 
fertilised plants ; and the former produced 598 capsules, whilst 
the latter or self-fertilised plants produced 752 capsules. All 
these capsules were the product of cleistogene flowers, for the 
plants did not bear during the whole of this season any perfect 
flowers. The seeds wore counted in ten cleistogene capsules 
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produced by the crossed plants, and their average number was 
46-4 per capsule; whilst the number in ten oleistogone capsules 
pnxlucedby the self-fertilised plants was 49 '4 ; or aslOOtolOG. 

III. OESNERIACE.S;.— Gishkbia PBin)Ui.iNA. 

In Qcsneria the several parts of the flower are arranged on 
nearly the same plan as in Digitalis,* and most or all of the 
species are dichogamous. Plants were raised from seed sent me 
by Fritz Miiller from South Brazil. Seven flowers were crossed 
with pollen from a distinct plant, and produced seven capsules 
containing by weight 3 '01 grains of seeds. Seven flowers on the 
same plants were fertilised with their own pollen, and their 
seven capsules contained exactly the same weight of seeds. 
Germinating seeds wore planted on opposite sides of four jiots, 
and when fully grown measured to the tips of their Icavea 



Table XXVI. 



No. of Vvt. 


Ctomm] PUdU. 


1 SeU-frrtHitpd PUnU. 




IncbeB, 


Inches. 


I. 


4'.'1 


1 39 




241 


27| 


IL 


33 


30] 




27 


19} 


III. 


331 


I 311 




29] 


1 28} 


IV. 


30] 


1 29| 




36 


1 26] 


ToUl incheh 


236-50 


233-13 



The average height of the eight crossed plants is 82 '06 inches, 
and that of the eight self-fertilised plants 29-14; or as 100 
to 90. 



• Dr. Ogle, ‘Po|jular Science Beview,' Jon. 1870, p. 51. 
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IV. LABIATjE.— Salvia cocoinea.* 

This species, unlike most of the others in the same genus, 
yields s good many seeds when insects are excluded. I gathered 
ninety-eight capsules produced by flowers s{K>ntaueously self- 
fertilised under a net, and they contained on an average 1'45 
seeds, whilst flowers artificially fertilised with their own pollen, 
in which case the stigma will have received plenty of pollen, 
yielded on an average 3 '3 seeds, or more tlian twice as many. 
Twenty flowers ware crossed with pollen from a distinct plant, 
and twenty-six were self-fertilised. There was no great difference 
in the proportional number of flowers which produced capsules 
by these two processes, or in the number of the contained seeds, 
or in the weight of an equal numlier of seeds. 

Seeds of both kinds were sown rather thickly on opposite sides 
of three pots. When the seedlings were about 3 inches in 
height, the crossed showed a slight advantage over the self- 
fertilised. When two-thirds grown, the two tallest plants on 
each side of each pot were measured ; the crossed averaged 16 '37 
inches, and the self-fertilised 11 '75 in height; or as 100 to 71. 
When the plants were fully grown and had done flowering, the 
two tallest plants on each side were again measured, with the 
results shown in the following table 



Table XXVII. 



NexotPot. 1 


CroiMd PUnta. 


Self ferUliMMl PUniB. 




Inches. 


Inches. 




32 i 


25 




20 


18| 


II. 


321 


20 1 






19| 


III. 


291 


25 




28 


18 


Total inches. 


167-13 


127-00 



* The admirable moobanical 
udaiitations in this genus for 
favouring or ensuring oroes-feiti- 
lisation, Imvo been fully descriU-d 



by Snrengel, Hildebrand, Delpino, 
H. Muller, Oglu, and others, in 
their several works. 
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It may be hero Been that each of the edx tallest croeseil plants 
exceeds in height its self-fertilised op|ionent; the former 
averaged 27 '85 inches, whilst the six tallest self-fertilised plants 
averaged 21 '16 inches; or as 100 to 76. In all three pots the 
first plant which flowered was a crossed one. All the crossed 
plants together prodneed 409 flowers, whilst all the self-fertilised 
together pnxlucud only 232 flowers ; or as 100 to 67. So that 
the crossed jilants in this respect were far more productive than 
the self-fertilised. 



OUGANCII Vl’LOABK. 

This plant exists, according to H. Miiller, under two forms ; 
one hcrmaphnxlite and strongly protcrandrous, so that it is 
almost certain to Iw fertilised by pollen from another flower ; 
the other form is exclnsively female, has a snuller corolla, and 
must of course bo fertilised by {lollen from a distinct )>lant 
in <»dcr to yield any seeds. The plants on which I experi- 
mented were hermaphrodites ; they had been cnltivatcd for a 
long perio<l as a pot-herb in my kitchen garden, and were, like 
so many long-cultivated ]>lanta, extremely sterile. As I felt 
doubtful alxjut tlio specific name 1 sent sijecimcns to Kew, and 
was assured that the sjiecies was 0. vulgart. My plants formed 
one great clump, and had evidently spread from a single root 
by stolons. In a strict sense, therefore, thefy all belonged to the 
same individual. My object in experimenting on them was, 
firstly, to ascertain whether crossing flowers borne by plants 
having distinct roots, but all derived ascxually from the same 
individiwl, would be in any respect more advantageous than 
self-fertilisation ; and, secondly, hi raise for future trial seedlings 
which would constitute really distinct individuals. Seveml 
plants in the above clump were covered by a net, and about two 
dozen seeds (many of which, however, were small and withered) 
were obtainul from the flowers thus s]iontancously self-fertilised. 
The remainder of the plants were left uncovered and were in- 
cessantly visited by liees, so that they were doubtless crossed 
by tbom. These exposed jilants yield^ rather more and finer 
seed (but still very few) tlian did the covered plants. The two 
lots of seeds thus obtained were sown on opposite sides of two 
pots ; the seedlings were carefully observed from their first 
growth to maturity, but they did not differ at any period in 
height or in vigour, the imjiwtance of which latter observation 
we shall presently see. When ‘'ully grown, the tallest crossed 
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plant in one pot was a very little taller than the tallest self- 
fertilised plant on the opposite side, and in the other pot 
exactly the reverse occurred. So that the two lota were in fact 
ei]ual ; and a cross of this kind did no more good than crossing 
two flowers on the same plant of Ipomoea or Mimnlus. 

The plants were turned out of the two pots without being 
disturbetl and planted in the ojien ground, in order that they 
might grow more vigorously. In the following summer all the 
self-fertilised and some of the quasi-crossed plants were covered 
by a net. Many flowers on the latter were crossed by me with 
pollen from a distinct plant, and others were left to be crossed 
by the bees. These quasi-crossed ])lants produced rather more 
seed than did the original ones in the great clump when left 
to the action of the bees. Many flowers on the self-fertiliseil 
plants were artificially self-fertilised, and others were allowed 
to fertilise themselves spontaneously under the net, but they 
yielded altogether very few seeds. These two lots of sceds-^ 
the product of a cross between distinct seedlings, instead of as 
in the fast case between plants multiplied by stolons, and the 
product of self-fertilised flowers— were allowed to germinate on 
b^ sand, and several equal pairs were planted on opposite 
sides of two large pots. At •« very early age the crossed 
plants showed some superiority over the self-fertilised, which 
was ever afterwards retained. AVhen the plants were fully 
grown, the two tallest crossed and the two tallest self-fertilised 
plants in each pot were measured, as shown in the following 
table. 1 regret that from want of time I did not measure all 
the pairs; but the tallest on each side seemed fairly to represent 
the average difference between the two lots. 



Tablb XXATII. 
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Tho average height of the crossotl plants is hero 20 inches, and 
that of the self-fertilised 17'12 ; or as 100 to 86. But this cxcew 
of height by no means gives a fair idea of the vast superiority in 
vigour of the crossed over the self-fertiIiso<l plants. The crossed 
flowere*! first and produced thirty flower-stems, whilst the self- 
fertilised produce«l only fifteen, or half the number. Tho pots 
wore then bedded out, and tho roots prolwhly came out of tho 
holes at the bottom and thus aided their growth. Early in the 
following summer the superiority of the crossed plants, owing 
to their increase by stolons, over the self-fertilised plants was 
tnily wonderful. In Pot I., and it should be remcml«red that 
very large pots ha«l been used, the oval clump of crossed plants 
was 10 by 4J inches across, with the tallest stem, as yet young, 
6J inches in height ; whilst the clump of self-fertilise<l jdants, 
on the opposite side of the same jwt, was only 31 by 21 inches 
across, with the tallest young stem 4 inches in height. In Pot 
II., tho clump of crossed plants was 18 by 9 inches across, with 
the tallest young stem 81 inches in height ; whilst tho clump of 
self-fertilised plants on the opposite side of the same pot was 12 
by 41 inches across, with the tallest young stem 6 Inches in 
height. Tho crossed plants during this season, ns during the 
last, flowerotl first Both the crossed and self-fertilised plants 
being left freely exposed to the visits of bees, manifestly produced 
much more seed than their grand-parents, — the plants of tho 
original clump still grou-ing close by in the same garden, and 
equally loft to the action of the bees. 



V. AC.ANTIlA.CEiE.— Thunbeboia alata. 



It appears from Hildebrand’s description (‘ Hot Zeitung,’ 1867, 
p. 285) that the conspicuous flowers of this plant arc adapted 
for cross^fertilisation. >Seodliugs were twice raised from pur- 
chased seed; but during tho early summer, when first expe- 
rimonto<l on, they were extremely sterile, many of tho anthers 
containing hardly any pollen. Novortholess, daring the autumn 
those some plants spontaneously produced a good many seeds. 
Twenty-six flowers during tho two years were crossed with 
]K>llen from a distinct ]>lant, but they yieldwl only eleven 
ca])snlcs; and these contained very few seeds! Twenty-eight 
flowers were fertilised with ])ollen from the same flower, and 
these yielded only ten ca{Mmles, which, however, contained 
rather more seed than tho crossed capsules. Eight pairs of 
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germinatinfi' seeds were planted on opposite sides of flve pots ; 
and exactly half the crossed and half the self-fertilised planU 
exceeded their opponents in height Two of the self-fertilised 
plants died young, before they were measured, and their crossed 
opponents were thrown away. The six remaining pairs grew 
very unequally, some, both of the crossed and self-fertilised 
plants, being more than twice as taU os the others. The average 
height of the crossed plants was 60 inches, and that of the self- 
fertilised Plante 66 inches, or as 100 to loa A cross, therefore, 
be^een distinct individuals here appears to do no good; but 
thi« resnlt deduced from so few plants in a reiy sterile condition 
and growing Tery unequally, obviously cannot be trusted. 
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CHAI’TEll IV. 

CBl'CIFEBiE, PAVAVIBACtE, EE6EI)ACEE, «TC. 

Biasitiva olcracca, croMcd and self-fertiliaed plants — Grtat effect of a 
cross ■with a fresh stock on the weight of the offspring— Il»ris 
unibellatn — Papaver vagum — Eschscholtzia califomica, seedlings 
from a cross with a fresh stock not more vigorous, hut more 
fertile than the solf-rcrtilisod seedlings — Reseda lutes and orlorata, 
many individuals sterile with their own pollen — Viola tricolor, 
wonderful effects of a cross — Adonis srstivalis— Delphinium eonsolida 
— Viscaria oculata, crossed plants hardly taller, but more fertile than 
the self-fertilised— Dianthus caryophyllus, crossed and self-fertili^ 
plants compared for four generations — Great effects of a cross with 
a fresh stock — Uniform colour of the flowers on the self-fertilised 
plants — Hibiscus africanus. 

VI. CEUCIFEBiE.— Bbassica oi.ebacea. 
lor. CaUtlCi ibWy Romes CMage. 

The flowers of the common cabbage arc adapted, as shown by 
H. Muller,* for cross-fertilisation, and should this fail, for self- 
fertilisation. It is well known that the varieties are crossed so 
hugely by insects, that it is impossible to raise pure kinds in the 
same garden, if more than one kind is in flower at the same time. 
Cabliages. in one respect, were not well fitted for my exjieriments, 
as, after they had formed heads, they were often difficult to mea- 
sure. The flower-stems also differ much in height; and a i«or 
plant will sometimes throw up a higher stem than that of a fine 
plant. In the later experiments, the fully-grown plants were cut 
down and weighed, and then the immense advantage from a 
cross became manifest 

A single plant of the above variety was covered with a net 
just before flowering, and was crossed with pollen from another 
plant of the same variety growing close by ; and tlie seven cap- 
sules thus produced contained on an average 16 '3 seeds, ■with a 
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maximum of twenty in one capsule. Some flowers were arti- 
ficially self-fertilised, but their capsules did not contain so many 
seeds as those from flowers spontaneously self-fertilised under 
the net, of which a considerable number were produced. Fourteen 
of these latter capsules contained on an arerago 4'1 seeds, with 
a maximum in one of ten seeds ; so that the seeds in the crossed 
caiwules were in number to those in the self-fertilised capsules as 
100 to 2o. The self-fertilised seeds, fifty-eight of which weighed 
8'88 grains, were, however, a little finer than those from the 
crossed capsnles, fifty-eight of which weighed 3 • 76 grainsL When 
few seeds are produced, these seem often to be better nourished 
and to be heavier than when many are produced. 

The two lots of seeds in an equal state of germinatiou were 
planted, some on opjwsite sides of a single pot, and some in the 
open ground. The young crossed plants in the pot at first ex- 
ceed by a little in height the self-fertilised ; then equalled them ; 
were then beaten ; and lastly were again victorious. The plants, 
without being disturbed, were turned out of the pot, and planted 
in the open ground; and after growing for some time, the 
crossed plants, which were all of nearly the same height, exceeded 
the self-fertilised ones by IS inches. When they flowered, the 
flower-stems of the tallest crossed plant exceeded that of the 
tallest self-fertilised plant by 6 inches. The other seedlings 
which were planted in the open ground stood sejianite, so that 
'they did not compete with one another ; nevertheless the crossed 
' plants certainly grew to a rather greater height than the self-fer- 
tilised ; but no measurements were made. The crossed plants 
which had been raised in the pot, and those planted in the ojwn 
ground, all flowered a little before the self-fertilisod plants. 

Croued and tdf-ftriai»td PlanU of the Second Onieraitoa.— Some 
flowers on the crossed plants of the last generation were again 
crossed with pollen from another crossed plant, and produced 
fine capsules. Tlie flowers on the self-fertilised plants of the 
last generation wore allowed to fertilise themselves six>ntaueously 
under a net, and they produced some remarkably fine caimules. 
The two lots of seeds thus produced germinated on sand, and 
eight pairs were planted on opposite sides of four pots. These 
p^ts were measured to the tips of their leaves on tlie 
20th of October of the same year, and the eight crossed ]>lants 
averaged in height 8'4 inches, whilst the self-fertilised averaged 
8 '53 inches, so that the crossed were a little inferior in height, 
as 100 to lOrS. By the 5th of Juno of the following year these 
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plants hod grown much bulkier, and had begun to form 
heads. The crossed had now acquired a marked suiieriority 
in general ap]iearance, and areraged 8*02 inches in height, 
whilst the self-fertilised averaged 7 '31 inches; or as 100 to 91. 
The plants were then turned out of their pots and planted 
undisturbed in the open ground. By the 5th of August their 
heads were fully form^, but several had grown so crooked that 
their heights could hardly be measured with accuracy. The 
crossed ]ilants, however, were on the whole considerably taller 
than the self-fertilised. In the following year they flower^ ; the 
crossed plants flowering before the self-fertilised in three of the 
pots, and at the same time in Pot II. The flowep-stems were 
now measured, as shown in Table XXIX. 

Table XXIX. 

Measured to tops of Flower-stems ; 0 signifies that a Flower-stem 
teas not formed. 




The nine flower-stems on the crossed plants here average 41 '08 
inches, and the nine on the self-fertilised plants 39 inches in 
height, or as 100 to 93. But this small diflcrcnce, which, more- 
over, depended almost wholly on one of the self-fertilised plants 
being only 20 inches high, does not in the least show the vast 
superiority of the crossed over the self-fertilised plants. Both 
lots, including the two plants in Pot IV., which did not 
flower, were now cut down close to the gromid and weighed, but 
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those in Pot II. were excluded, for they had been accidentally 
injured by a fall during transplantation, and one was almost 
killed. The eight crossed plants weighed 219 onnees, whilst the 
eight self-fertilised plants weighed only 82 ounces, or as 100 to 87 ; 
so that the superiority of the former over the latterln weight was 
great 

The Effect! of a Cram with a frtth Stock.— Sorae flowers on a 
crossed plant of the last or second generation were fertilised, 
without being castrated, by pollen taken from a plant of the 
same variety, but not related to my plants, and brought from a 
nursery garden (whence my seeds originally came) having a dif- 
ferent soil and aspect The flowers on the self-fertilised plants 
of the last or second generation (Table XXIX.) were allowed to 
fertilise themselves spontaneously under a net, and yielded 
plenty of seeds. These latter and the crossed seeds, after germi- 
nating on sand, were planted in pairs on the opposite sides 
of six large pots, which were kept at first in a cool greenhouse. 
Early in January their heights were measured to the tips of their 
leaves. The thirteen crossed plants averaged 13 '16 inches in 
height, and the twelve (for one had died) self-fertilised plants 
averaged 13 '7 inches, or as 100 to 104 ; so that the self-fertilised 
plants exceeded by a little the crossed plants. 



Table XXX. 
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Early in tlie spring tlie plants were gradually hardened, and 
tamed out of their pots into the open ground without being 
disturbed. By the end of August the greater number had 
formed lino heads, but several grew extremely crooked, from 
having l)ecn drawn up to the light whilst in the greenhouse. 
As it was scarcely possible to measure their heights, the finest 
plant on each side of each pot was cnt down close to the ground 
and weighed. In the preceding table we have the result. 

The six finest crossed plants average 108 16 ounces, whilst 
the six finest self-fertilised plants average only 23 7 ounces, or 
as 100 to 22. This difference shows in the clearest manner the 
enormous l)enefit which these plants derived from a cross with 
another plant belonging to the same sub-variety, but to a fresh 
stock, and grown during at least the three previous generations 
under somewhat different conditions. 

The Offspring from a cut-leaved, curled, and variegated uihUe- 
green Cabbage crossed uith a cut-leaved, curled, and variegated 
crimson-green Cabbage, compared with the self-fertilUed Offspring 
from the two Varieties. — These trials were made, not for the 
sake of comparing the growth of the crossed and self-fertilised 
seedlings, but because 1 had seen it stated that these varieties 
would not naturally intercross when growing uncovered and 
near one another. This statement proved quite erroneous ; but 
the white-green variety was in some degree sterile in my garden, 
producing little pollen and few seeds. It was therefore no 
wonder that seedlings raised from the self-fertilised flowers of this 
variety were greatly exceeded in height by seedlings from a cross 
between it and the more vigorous crimson-green variety ; and 
nothing more need be said about this experiment. 

The seedlings from the reciprocal cross, that is, from the crim- 
son-green variety fertilised with pollen from the white-green 
variety, offer a somewhat more curious case. A few of these 
crossed seedlings reverted to a pure green variety with their 
leaves less cut and curled, so that they were altogether in a much 
more natural state, and these plants grew more vigorously and 
taller than any of the others. Now it is a strange fact that a 
much larger number of the self-fertilised seedlings from the 
crimson-green variety than of the crossed seedlings thus reverted ; 
and as a consequence the self-fertilised seedlings grew taller by 
2i inches on an average than the crossed seedlings, with which 
they wore jmt into competition. At first, however, the crossed 
seedlings exceeded the self-fertilised by an average of a quarter 
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of an inch. Wo thus see that reversion to a more natural con- 
dition acted more iwwerfully in favouring the ultimate growth 
of these plants than did a cross; but it should be remembered 
that the cross was with a semi-stcrile variety having a feeble 
constitution. 



IbEBIS UMBELLATA. 



Tliis variety produced plenty of spontaneously self-fertiliseil 
seed under a net. Other plants in pots in the greenhouse were 
left uncovered, and as I saw small flies visiting the flowers, it 
seemed probable that they would be intercrossed. Consequently 
seeds supposed to have been thus crossed and spontaneously self- 
fertilised seeds were sown on opposite sides of a pot. The 
self-fertilised seedlings grew from the first quicker than the 
supposed crossed seedlings, and when both lots were in full 
flower the former were from 5 to 6 inehes higher than the crossed ! 
I record in my notes that the self-fertilised seeds from which 
th^ self-fertilised plants were raised were not so well rijx:ned 
as the crossed ; and this may possibly have caused the great 
difference in their growth, in a somewhat analogous manner 
as occurred with the self-fertilised plants of the eighth generation 
of Ipomoea raised from nnhealthy parents. It is a curious 
circumstance, that two other lots of the above seeds were 
sown in pure sand mixed with burnt earth, and therefore with- 
out any organie matter; and hero the supposed crossed 
seedlings grew to double the height of the self-fertilised, before 
both lots died, as necessarily occurred at an early period. We 
shall hereafter meet with another case apparently analogous 
to this of Iberia in the third generation of Petunia. 

The alwve self-fertilised plants were allowed to fertilise them- 
selves again under a net, yielding self-fertilised ]>lants of the 
second generation, and the suppos^ crossed plants were crossed 
by pollen of a distinct plant ; but from want of time this was done 
in a careless manner, namely, by smearing one head of expanded 
flowers over anotlier. I should have thought that this would 
have succeeded, and perhaiM it did so; but the fact of 108 
of the self-fertilised see^ weighing 4'87 grains, whilst the same 
number of the supposed crossed seeds weighed only 3 '57 grains, 
does not look like it. Five seedlings from each lot of seeds were 
raised, and the self-fertilised plants, when fully grown, exceeded 
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in average height by a trifle (viz. '4 of an inch) the five probably 
crossed plants. I have thought it right to give this case and the 
last, because had the supposed crossed plants proved superior 
to tile self-fertilised in height, I should have assumed without 
doubt that the former had really been crossed. As it is, I do not 
know what to conclude. 

Being much surprised at the two foregoing trials, I deter- 
mined to make another, in which there should be no doubt about 
the crossing. I therefore fertilised with great care (but as 
usual without castration) twenty-four flowers on the supposed 
crossed plants of the lost generation with pollen from distinct 
plants, and thus obtained twenty-one capsules. The self-fertilised 
plants of the last generation were allowed to fertilise themselves 
again under a net, and the seedlings reared from these seeds 
formed the third self-fertilised generation. Both lots of seeds, 
after germinating on bare sand, were planted in pairs on 
the opposite sides of two pots. All the remaining seeds were 
sown crowded on opposite sides of a third pot ; but as all the 
self-fertilised seedlings in this latter pot died before they grew 
to any considerable height, they were not measured. The 
plants in Pots I. and II. were measured when between 7 and 
8 inches in height, and the crossed exceeded the self-fertilised 
in average height by 1 • 57 inches. When fully grown they were 
again measured to the summits of their flower-heads, with the 
following result : — 




The average height of the seven crossed plants is here 10 -12 
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inchcfi, and that of the seven self-fertilised plants IG‘89, or as 
lUU to 86. But as the plants on the self-fertilised side grew 
very unequally, this ratio cannot be fully trusted, and is prol»bly 
too high. In both pots a crossed plant flowered before any one 
of the self-fertilised. These plants were loft uncovered in the 
greenhouse; but from l)eing too much crowded they were not 
very productive. The seeds from all seven jilants of Ixjth lots 
wore counted ; the crossed prcxluoed 206, and the self-fertilised 
154; or as 100 to 75. 

Cross bg a frtth Stoci.— From the doubts caused by the two 
flrst trials, in which it was not known with certainty that the 
plants had been crossed; and from the crossed plants in the 
last experiment having been put into competition with plants 
self-fertilised for three generations, which moreover grew very 
unequally, I resolved to reixjat the trial on a larger scale, and 
in a rather different manner. 1 obtained seeds of the same 
crimson variety of I. umbtllUn from another nnrsery garden, 
and raised plants from them. Some of these plants were allowed 
to fertilise themselves spontaneously under a net ; others were 
crossed by pollen taken from plants raised from seed sent me by 
Dr. Durnndo from Algiers, where the ]>arent-plants had been cul- 
tivated for some generations. These latter plants differed in hav- 
ing i«le pink instead of crimson flowers, but in no other respect. 
That the cross had been effective (though the flowers on the crim- 
son mother-plant had not been castrated) was well shown when the 
thirty crossed seedlings flowered, for twenty-four of them produced 
pale pink flowers, exactly like those of their father ; the six others 
having crimson flowers exactly like those of their mother 
and like those of all the self-fertilised seedlings. This case 
offers a good instance of a result which not rarely fcdlows 
from crossing varieties having differently coloured flowers; 
namely, that the colours do not blend, but resemble perfectly those 
either of the father or mother plant. The seeds of Ixith lots, 
after genninating on sand, wore planted on opposite sides of 
eight pots. When fully grown, the plants were measured to 
the summits of tlio flower-heads, as shown in the following 
table : — 
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tablk xxxn. 

Iberi) umhellata : 0 signifits that the Plant died. 




Tlie average height of the thirty crossed plants is here 
17 -34, and that of the twenty-nine self-fertilised plants (one 
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having die<l) 15-51, or as 100 to 89. I am surprised that the 
difference did not prove somewhat greater, considering that in 
the last ex])eriment it was as 100 to 86 ; but this latter ratio, as 
before explained, was probably too great. In should, however, 
be observed that in the last experiment (Table XXXI.), the 
crossed plants oomi>etod with plants of the third self-fertilised 
generation ; wliilst in the present case, plants derived from a 
cross with a frash stock competed with self-fertilised plants of 
the first generation. 

The crossed plants in the present case, as in the last, were 
more fertile than the self-fertilised, both lots being left un- 
covered in the greenhouse. The thirty crossed plants produced 
103 seed-bearing flower-heads, as well os some hea^ wliich 
yielded no seeds ; whereas the twenty-nine self-fertilised plants 
produced only 81 seed-bearing hea^; therefore thirty such 
plants would have produced 83*7 heads. We thus get the 
ratio of 100 to 81, for the number of seed-bearing flower-heads 
produced by the crossed and self-fertilised plants. Moreover, a 
numlter of seed-bearing heads from the crossed plants, com- 
pared with the same number from the self-fertilised, yielded 
seeds by weight, in the ratio of 100 to 92. (Combining those 
two elements, viz., the number of secd-liearing heads and tlie 
weight of seeds in each head, the productiveness of the crossed 
to the self-fertilised plants was as 100 to 75. 

The crossed and self-fertilised seeds, which remained after 
the above pairs bad been planted, (some in a state of germina- 
tion and some not so), were sown early in the year out of doors 
in two rows. Many of the self-fertilised seedlings suffereil 
greatly, and a much larger number of them perislied than of 
the crossed. In the autumn the surviving self-fertilised plants 
were plainly lees well-grown than the crossed plants. 



Vir. P-\PAVERACE-E.-Papaver VAOcn. 

A tub-fpeeies oj P. dubium, from tht touth of Franco. 

The poppy does not secrete nectar, but the flowers are highly 
conspicuous aud are visited by many pollen-collecting bees, 
flies and beetles. The anthers shed their pollen very early, and 
in the case of i*. rAous, it falls on the circumference of the 
radiating stigmas, so that this species must often be self-ferti- 
lisod; but with P. dubium the same result does not follow 
(according to II. MUller, ‘ Die Befnichtung,’ p. 128), owing to 
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the shortness of the stamens, unless the flower happens to stand 
inclined. The present species, therefore, does not seem so well 
fitted for self-fertilisation as most of the others. Nerertheless 
J'. vayum produced plenty of capsules in my garden when insects 
were excluded, but only late in the season. I may here add that 
tumniferum produces an abundance of spontaneonsly self- 
fertilisetl capsules, as Professor II. Hoffmann likewise found to 
bo the case.* Some species of Papaver cross freely when growing 
in the same garden, os I have known to be the case with P. 
bracUatum and orientale. 

Plants of tapaver mgvm were raised from seeds sent me from 
Antibes through the kindness of Dr. Bomet. Some little time 
after the flowers had expanded, several were fertilised with 
their own pollen, and others (not castrated) with pollen from a 
distinct individual ; but I have reason to believe, from observa- 
tions sultsequently made, tliat these flowers had been already 
fertilised by their own pollen, as this process seems to take place 
soon after their expansiomf I raised, however, a few seedlings 
of both lots, and the self-fertilised rather exceeded the crossed 
plants in height. 

Early in the following year I acted differently, and fertilised 
seven flowers, very soon after their expansion, with pollen from 
another plant, and obtained six capsules, ihom counting the 
seeds in a medium-sized one, I estimated that the average 
numl«r in each was at least 120. Four out of twelve capsules, 
spontaneously self-fertilised at the same time, were found to 
contain no good seeds ; and the remaining eight containcrl on 
an average 6’ 6 seeds per capsnle. But it should be observed 
that later in the season the same plants produced under a net 
plenty of very fine s)K>ntaneously self-fertilised capsules. 

The above two lots of seeds, after germinating on sand, were 
planted in pairs on opposite sides of five pots. The two lots of 
seedlings, when half an inch in height, and again when 6 inches 
high, were measured to the tips of their leaves, but presented 



• • Zur fSpeciesfiage,’ 1875, p. 58. 
t Mr. J. Soott fountl ('lieport 
on the Experimental Culture of 
the Opium Poppy Calcutta, 1874, 
p. 47), in the ra«e of Paparer fom- 
ni^erum, that if be cut away the 
stigmatio aurfaco before the 
flower had cxpunde<l, no aceda 
were produced; but if thia waa 



done “on the second day, or even 
a few hours after the expansion 
of the flower on the first day, a 
partial fertilisation bad already 
been effected, and a few good 
aceda were almost invariably pro- 
duced.*’ This proves at how early 
a |icriod fertiliwtion tukea place. 
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no difference. When fully grown, the flower-stalks were 
measured to the summits of the seed capsules, with the follow- 
ing result : — 



Table XXXIII. 




The fifteen crossed plants here average 21‘91 inches, and the 
fifteen self-fertilised plants 19*51 inches in height, or as 100 to 
89. These plants did not differ in fertility, as far as could be 
judged by the number of capsules product, for there were 
seventy.five on the crossed side and seventy-four on the self- 
fertilis^ side. 



Escbscholtzia caufobmioa. 

This plant is remarkable from the crossed seedlings not ex- 
ceeding in height or rigour the self-fertilised. On the other 
hand, a cross greatly increases the prodnctivencas of the flowers 
on the parent-plant, and is indeed sometimes necessary in order 
that they should produce any seed ; moreover, plants thus 
derived are themselves much more fertile than those raised from 



© The Comolete Work of Charles Darwin Online 



110 ESCHSCHOLTZIA CALIFOBXICA. Chap. IV. 

self-fertilised flowers; so that the whole advantage of a cross is 
confined to the reproductive system. It will be necessary for 
me to give this singular case in considerable detail. 

Twelve flowers on some plants in my flower-garden were 
fertilised with pollen from distinct plants, and produced twelve 
capsules ; but one of these contained no good seed. The seeds 
of the eleven good capsules weighed 17 '4 grains. Eighteen 
flowers on the same plants were fertilised with their own pollen 
and produced twelve good capsules, which contained 18 ‘61 
grains weight of seed. Therefore an equal number of crossed 
and self-fertilised capsules would have yielded seed by weight 
as 100 to 71.* If we take into account the fact that a much 
greater proportion of flowers produced capsules when crossed 
than when self-fertilised, the relative fertility of the crossed to 
the self-fertilised flowers was as 100 to 52. Nevertheless these 
plants, whilst still protecteci by the net, spontaneously produced 
a considerable numl>er of self-fertilised capsules. 

The seeds of the two lota after germinating on sand were 
))laiited in pairs on the op]x>site sides of four large pots. At 
first there was no difierence in their growth, but ultimately 
the crossed seedlings exceeded the self-fertilised considerably in 
height, as shown in the following Table. But I believe from 



Table XXXIV. 
EKhscholtaa califomica. 




© The Comolete Work of Charles Darwin Online 



Chap. IV. 



ESCHSCHOLTZIA CALIFORNICA. 



Ill 



the cases which follow that this result was accidental, owin^ to 
only a few plants having been measured, and to one of the 
self-fertilised plants having grown wily to a height of 15 inches. 
The plants had been kept in the greenhouse, and from being 
drawn up to the light had to be ti^ to sticks in this and the 
following trials. They were measured to the summits of their 
flower-stems. 

The four crossed plants here average 29 '68 inches, and the 
four self- fertilised 25 '56 in height; or as 100 to 86. Tlie 
remaining seeds were sown in a large pot in which a Cineraria 
had long been growing; and in this case again the two crossed 
plants on the one side greatly exceeded in height the two self- 
fertilised plants on the opposite side. The plants in the above 
four pots from having been kept in the greenhouse did not 
produce on tliis or any other similar occasion many capsules ; 
but the flowers on the crossed plants when again crossed were 
much more productive than the flowers on the self-fertilised 
plants when again self-fertilised. These plants after seeding 
were cut down and kept in the greenhouse; and in the 
following year, when grown again, their relative heights were 
reversed, as the self-fertilised plants in three out of the four 
(Hits were now taller than and flowered before the crossed 
plants. 

C'rMfcd and $d/-/eiiili$.-d Plantt of the Second Oenerution . — The 
fact just given with respect to the growth of the cut-down 
plants made me doubtful about my first trial, so 1 determined 
to make another on a larger scale with crossed and self-fertilised 
seedlings raised from the crossed and self-fertilised plants of 
the last generation. Eleven jiairs were raised and grown in 
eomijetition in the usual manner; and now the result was 
diflerent, for the two lots were nearly equal during their whole 
growth. It would therefore be su])erfluous to give a table of 
their heights. When fully grown and measured, the crossed 
averaged 32 ‘47, and the self-fertilised 82'81 inches in height; 
or as 100 to 101. There was no great difference in the numls-r 
of flowers and capsules produced by the two lots, when l«oth 
were left freely exposed to the visits of insects. 

Pl'inte raited/rom Brazilian &«/.— Fritz Muller sent me from 
South Brazil seeds of plants which were there alisolutely 
sterile when fertilised with pollen from the same plant, but 
were perfectly fertile when fertilised with pollen from any 
other plant. The plants raised by me in England from these 
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needs wcro examined by Professor Asa Gray, and pronounced 
to liclong to E. ojli/oruica, with which they were identical in 
Pieneral appearance. Two of these plants were covered by a 
net, and were found not to be so completely self-sterile as in 
Brazil But I shall recur to this subject in another part of 
this work. Here it will suffice to state that eight flowers on 
these two plants, rcrtilise<l with pollen from another plant 
under the net, produced eight fine capsules, each containing on 
an average about eighty seeds. Eight flowers on these same 
plants, fertilised with their own pollen, produced seven capsules, 
which coutained on an average only twelve seeds, with a maxi- 
mum in one of sixteen seeds. Therefore the cross-fertilised 
capsules, compared with the scif-fertilised, yielded seeds in the 
ratio of about 100 to 15. These plants of Brazilian iiarentage 
diflered also in a marked manner from the English plants in 
producing extremely few spontaneously self-fertilised capsules 
imder a net. 

Crossed and self-fertilised seeds from the above plants, after 
germinating on bare sand, were planted in pairs on the opposite 
sides of five large pots. The seedlings thus raised were the 
grandchildren of the plants which grow in Brazil ; the iiarents 
having been grown in England. As the grandparents in 
Brazil absolutely require cross-fertilisation in order to yield 
any seeds, I expected that self-fertilisation would have proved 
very injurious to these seedlings, and that the crossed ones 
would have been greatly superior in height and vigour to 
those raised from self-fertilise<l flowers. But the result showed 
that my anticipation was erroneous; for as in the last experi- 
ment with plants of the English stock, so in the present one, 
the self-fertilised plants exceeded the crossed by a little in 
height It will be sufficient to state that the fourteen crossed 
plants averaged 44 -fU, and the fourteen self-fertilised 45-12 
inches in height ; or as lOU to 101. 

The EfftcU of a Croa with ajreth Stock . — I now tried a dificrent 
experiment Eight flowers on the self-fertilised plants of the 
last experiment (i.e., grandchildren of the plants which grew in 
Brazil) were again fertilised with pollen from the same plant, 
and produced five capsules, containing on an average 27-4 
seeds, with a ma.ximum in one of forty-two seeds. The seedlings 
raised from these seeds formed the second nif-fntilittd generation 
of the Brazilian stock. 

Eight flowers on one of the crossed plants of the last experi- 
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ment wore crossed with pollen from another jrrandchild, and 
produced fire eapsnles. These contained on an aTeraf^ 31'G 
seeds, with a maiimnm in one of forty-nine seeds. The seedlinpi 
raised from these seeds may be called the InUreromed, 

Lastly, eight other flowers on the crossed plants of the last 
experiment were fertilised with pollen from a plant of the 
English stock, growing in my garden, and which must have 
been exposed daring many prorions generations to Tcry difit-rrnt 
couditiona from those to wUch the Brazilian progenitors of the 
mothcr^pUnt had been subjected. These eight flowers prodnced 
only four capsules, containing on an axerago 63*2 see Is, with a 
maximum in one of ninety. . The plants raised from these seeds 
may be called the Englinh-eroned, As far as the above averagi-s 
can be trusted from so few capsules, the English-crossed capsules 
contained twice as many seeds as the intercrossed, and rather 
more than twice as many as the self-fertilised capsules. Tbe 
plants which yielded these ct^Mules were grown in pots in tin 
greenhouse, so that their absolute prodnctivencss must not be 
compared arith that of plants growing ont of doors. 

The above throe lots of seeds, viz., the self fertilised, inter- 
crossed, and English-crossed, were planted in an equal stab* of 
germination (having been as usual sown on bare sand) in nine 
largo pots, each divided into three parts by supcrflcial partitions. 
Many of the scif-fortilisod seeds germinated before those of tin 
two crossed lots, and those were of course rejected. Th<- 
seedlings thus raised are the great-grandchildren of the plants 
which grow in Brazil. When they wore from 2 to 4 inches 
in height, the throe lots were equal. They were moasnre<l when 
four-fiftlis grown, and again when fully grown, and as their 
relative heights wqro almost exactly the same at these two 
ages, I will give only the last moasurementa The average 
height of the nineteen English-crossed plants was 45*92 inches; 
that of the eighteen intcrcrossod plants (for one died), 43*38; 
and that of the nineteen self-fertilised plants, 60*3 inches. So 
that we have the following ratios in height ; — 

The English-crossed to the self-fertilised plants, os 100 to 109 
The English-crossed to the intercrossed plants, as 100 to 94 
The intercrossed to the self-fertilised plants, as 100 to 116 
After the seed-capsules had been gathered, all these plants 
were cut down close to the ground and weighed. The nineteen 
English crossed plants weighed 18*25 ounces; the inlercrosscil 
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plants (with tboir weight calculated as if there had been nine- 
teen) weighed 18 '2 ounces; and the nineteen self-fertilised 
plants, 21 '5 ounces. We have therefore for the weights of the 
three lots of plants the following ratios : — 

The English-crossed to the self-fertilised plants, ns 100 to 118 
The English-crossed to the intercrossed plants, as 100 to 100 
The intercrossed to the self-fertilised plants, as 100 to 118 
We thus see that in weight, as in height, the self-fertilised 
plants had a decided advantage over the English-crossed and 
intercrossed plants. 

The remaining seeds of the three kinds, whether or not in a 
state of germination, were sown in three long parallel rows in 
the open ground; and hero again the self-fertilised seedlings 
exceeded in height by between 2 and 3 inches the seedlings 
in the two other rows, which were of nearly equal heights. The 
three rows were left unprotected throughout the winter, and all 
the plants were killed, with the exception of two of the self- 
fertilised ; so that as far as this little bit of evidence goes, some 
of the self-fertilised plants were more hardy than any of the 
crossed plants of either lot. 

We thus see that the self-fertilised plants which were grown 
in the nine pots were superior in height (as 116 to 100), and in 
weight (as 118 to 100), and apparently in hardiness, to the inter- 
croesed plants derived from a cross tetween the grandchildren 
of the Brazilian stock. The superiority is here much more 
strongly marked than in the second trial with the plants of the 
English stock, in which the self-fertilised were to the crossed in 
height as 101 to 100. It is a far more remarkable fact — if we 
bear in mind the effects of crossing plants with pollen from a 
fresh stock in the cases of Ipomoea, Mimnins, Brassies, and 
Iberis — that the self-fertilised plants exceeded in height (as 109 
to 100), and in weight (as 118 to 100), the offspring of the 
Brazilian stock crossed by the English stock; the two stocks 
having been long subjected to widely different conditions. 

If we now turn to the fertility of the three lots of plants we 
find a very different result. I may premise tlmt in five out of 
the nine pots the first plant which flowered was one of the English- 
crossed ; in four of the pots it was a self- fertilised plant; and in 
not one did an intercrossed plant flower first; so that these 
latter plants were beaten in this respect, as in so many other 
ways. The three closely adjoining rows of plants growing in 
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the open ground flowered profusely, and the flowers were inces- 
santly visited by bees, and certainly thus intercrossed. The 
manner in which several plants in the previous experiments 
continued to be almoet sterile as long as they were covered by a 
net, but set a multitude of capsules immediately that they were 
uncovered, proves how effectually the bees carry pollen from 
plant to plant. My gardener gathered, at three successive 
times, an equal number of ripe capsules from the plants of the 
three lots, until he had collected forty-five from each lot. It is 
not ]mssible to judge from external appearance whether or not a 
capsule contains any good seeds ; so that I opened all the cap- 
sules. Of the forty-five from the English-crossed plants, four 
were empty ; of those from the intercrossed, five were empty ; 
and of those from the self-fertilised, nine were empty. The 
seeds were counted in twenty-one capsules taken by chance out 
of each lot, and the average number of seeds in tho capsules 
from the English-crossed plants was 67; from the intercrossed, 
.'56 ; and from the self-fertilised, 48'52. It therefore follows tliat 
Seedt. 

Tho forty-five cajwules (tho four empty ones in- 
cluded) from tho English-crossed plants contained 2747 
The forty-five capsules (the five empty ones in- 
cluded) from the intercrossed plants contained . 2240 
Tho forty-five capsules (tho nine empty ones in- 
cluded) from tho self-fertilised plants contained . 1746 '7 
The reader should remember that these caiwules are tho pro- 
duct of cross-fertilisation, effected by the bees; and that tho 
difference in tho numlxir of tho contained seeds must depend on 
tho constitution of the plants;— that is, on whether they were 
derived from a cross with a distinct stock, or from a cross 
between plants of the same stock, or from self-fortiUsaUon. 
From the above facts we obtain tho following ratios ; — 

Number of seeds contained in an equal number of naturally 
fertilised capsules produced — 

By the English-crossed and self-fertilised plants, as 100 to 63 
By the English-crossed and intercrossed plants, as 100 to 81 
By the intercrossed and self-fertilised plants, as 100 to 78 

But to have ascertained tho productiveness of the throe lots 
of plants, it would have been necessary to know how many 
capsules were produced by tho same number of plants. The 
I 2 
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three long rows, however, were not of quite e«inal lengths, and 
the plants were much crowded, so that it would have been ex- 
tremely difficult to have ascertained how many capsules wore 
protluced by them, even if I had been willing to undertake so 
laborious a task as to collect and count all the capsules. But 
this was feasible with the plants grown in pots in the green- 
house; and although these were much less fertile than those 
growing out of doors, their relative fertility appeared, after care- 
fully observing them, to be the same. The nineteen plants' of 
the English-crossed stock in the pots produced altogether 21U 
capsules; the intercrossed ]>1auts (calculated ns nineteen) pro- 
duced 137*22 capsules; and the nineteen self-fertilised plants, 
152 capsules. Now, knowing the number of seeds contained in 
forty-five capsules of each lot, it is easy to calculate the lelative 
nmnbers of seeds produced by un equal number of the plants of 
the three lots. 

Number of seeds producol by au equal number of naturally- 
fertilised plants. 

SeetU. 

Plants of English-ctosseil and self-fertilised 
parentage as 100 to 10 

Plants of the English-crossed and intercrossed 
parentage as 100 to 45 

Plants of the intercrossed and self-fertiliserl 
parentage as 100 to 89 

The superiority in productiveness of the intercrossed plants 
(that is, the product of a cross between the grandchildren of the 
plants which grew in Brazil) over the self-fertilised, small as it is, 
is wholly due to the larger average uumlier of seeds contained in 
the capsules ; for the intercros^ plants produced fewer cap- 
sules in the greenhouse than did the self-fertilised plants. The 
great superiority in productiveness of the English-crossed over 
the Bclf-fertilis^ plants is shown by the larger number of 
capsules produced, the larger average numlierof containe<l seeds, 
and the smaller number of empty capsules. As the English- 
cro.ssed and intercrossed plants were the offspring of crosses in 
every previous generation (as must have been the case from the 
flowers being sterile with their own polleu), we may conclude that 
tho great superiority in prislnctiveness of the English-crossed 
over the intercrossed p'ants is due to tho two parents of tho 
former having been long subjected to different conditions. 
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The English-crossed plants, though so superior in productive- 
ness, were, as we have seen, decidedly inferior in height and 
weight to the self-fertih'sed, and only equal to, or hardly superior 
to, the intercrossed plants. Therefore, the whole advantage of a 
cross with a distinct stock is here confined to productiveness, and 
I have met with no similar case. 



YIII. EESEDACEiE.— Eeseda letea. 

, Seeds collected from wild plants growing in this neighbour- 
hood were sown in tho kitchen- garden ; and several of the 
seedlings thus raised were covered with a net. Of these, some 
were found (as will hereafter be more fully described) to bo 
absolutely sterile when left to fertilise themselves spontaneously, 
although plenty of pollen fell on their stigmas ; and they were 
equally sterile when artificially and repeatedly fertilised with 
their own pollen ; whilst other plants produced a few spon- 
taneously self-fertilised capsules. The remaining plants were 
left uncovered, and as pollen was carried from plant to ]>lant by 
the hive and humble-hses which incessantly visit the flowers, 
they produced an abundance of capsules. Of the necessity of 
pollen being carried from one plant to another, I had ample 
evidence in the case of this species and of H. uluratu ; for those 
plants, which set no seeds or very few as long as they were 
protected from insects, became loadeel with capsules immediately 
that they were uncovered. 

Seeds from the flowers spontaneously self-fertilised under the 
net, and from flowers naturally crossed by tho bees, were sown on 
opposite sides of flve large pots. The seedlings were thinned as 
soon as they appeared above ground, so tlmt an equal number 
were left on the two sides. After a time the pots were plimged 
iuto the open ground. The same number of plants of crossed 
and self-fertilised parentage were measured up to tlio summits 
of tlieii’ flower-stems, with the result given in the following 
table (XXXV.). Those which did not produce flower-stems were 
not measured. 

The average height of the twenty-four crossed plants is here 
17 ■ 17 inches, and that of the same number of seif- fertilised plants 
14 '61; or as 100 to 85. Of the crossed plants all but flve 
flower^, whilst several of the self-fertiUsed did not do so. Tho 
above pairs, whilst still in flower, but with some capsules already 
formed, were afterwards cut down and weighed. The crossed 
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weighed 90 ’6 otmcee; and an equal number of the self-fertilised 
only 19 ounces, or as 100 to 21; and this is an astonishing 
difference. 



Table XXXV. 
HeseJa lufea, in polt. 
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These plants were lietter nourished than those in the pots and 
grew to a greater height. The eight tallest plants in each row 
were measured in the same manner as before, with the following 
result : — 



Table XXXVI. 

Reseda lutea, growing in the open ground. 




The average height of the crossed plants, whilst in full flower, 
was here 28‘09, and that of tlio self-fertilised 23 '14 inches ; or as 
100 to 82. It is a singular fact that the tallest plant in the two 
rows, was one of the self-fertilised. The self-fertilised plants had 
smaller and paler green leaves than the crossed. All the plunts 
in the two rows were afterwards cut down and weighed. The 
twenty crossed plants weighed 65 ounces, and twenty self-ferti- 
lised (by calculation from the actual weight of the thirty-two self- 
fertilised plants) weighed 26 • 25 ounces ; or as 100 to 40. There- 
fore the crossed plants did not exceed in weight the self-fertilised 
plants in nearly so great a degree as those growing in the 
pots, owing probably* to the latter having been subjected to more 
severe mutual competition. On the other hand, they exceeded 
the self-fertilised in height in a slightly greater degree. 

EESEDA ODOBATA. 

Plants of the common mignonette were raised from purchased 
seed, and several of them were placed under separate nets. Of 
these some b^ame loaded witli spontaneously self-fertilised cap- 
snles; others produced < a few, and others not a single one. It 
must not be supposed that these latter plants produced no seed 
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Iiecauso their stigmas did not receive any pollen, fur they we^e 
rei>eatedly fertilised with pollen from the same plant with to 
effect ; but they were perfectly fertile with pollen from any other 
plant. Spontaneously self-fertilised seeds were saved from one 
of the highly self-fertile plants, and other seeds were collected 
from the plants growing outside the nets, which had been 
crossed by the bees. These seeds after germinating on sand 
were planted in pairs on the opposite sides of five pots. The 
plants were trained np sticks, and measured to the summits of 
their leafy stems— the flower-stems not being included. We here 
have the result 



Table XXXVn. 

Heftda odoraia (teedlingt from a highly Self-fertile Plant). 




The average height of the nineteen crossed plants is here 
27-48, and that of the m'netcen self-fertilised 22-55 inches ; or as 
100 to 82. All these plants were cut down in the early autumn 
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nnd treighed : the crossed weighed 11 '5 onnees, and the self- 
fertilised 7 '75 ounces, or ns 100 to 67. These two lots having 
been left freely exposed to the visits of insects, did not present 
any difference to the eye in the nnmber of seed-capsules which 
they produced. 

The remainder of the same two lots of seeds were sown in two 
adjoining rows in the open ground ; so that the plants were ex- 
posed to only moderate competition. The eight tallest on each 
side wore measured, as shown in the following table : — 

Table XXXVIll. 

BewJ'i OflonUa, yroiving in the o/ien ground. 




The average height of the eight crossed plants is 25' 76, and 
that of the eight fertilised 27 '09 ; or as 100 to 105. 

Wo here have the anomalous result of the self-fertilised plants 
being a little taller than the crossed ; of which fact I can offer 
no explanation. It is of course possible, but not probable, that 
the labels may have been interchanged by accident. 

Another experiment was now tried : all the self-fertilised 
capsules, though very few in number, were gathered from one of 
the semi-eelf-sterile plants under a net ; and as several flowers on 
this same plant bad been fertilised with pollen from a distinct 
individual, crossed seeds were thus obtained. I expected that the 
seedlings from this semi-self-sterile plant would have profited 
in a higher d^poe fiom a cross, than did the seedlings from 
the fully self-fertile plants. But my anticipation was quite wrong, 
for theyprofited in a less degree. An analc^us result followed in 
the case of Eschscholtzia, in which the offspring of the plants of 
Brazilian parentage (which were partially self-sterile) did nof 
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profit more from a cross, than did the plants of the far more 
self-fertile English stock. The above two lots of crossed and 
self-fertilised seeds from the same plant of Stteda odorata, after 
germinating on sand, were planted on opposite sides of five pots, 
and measured as in the last case, with the following result 



Table XXXIX, 

Jieteda odorata (luedlingi from o nemi-ulf-iterile Plant), 




The average height of the twenty crossed plants is here 29 •98, 
and that of the twenty self-fertilis^ 27 '71 inches; or as 100 to 
92. These plants were then cut down and weighed ; and the 
crossed in this ease exceeded t he self-fertilised in weight by a mere 
trifle, viz., in the ratio of 100 to 99. The two lots, left freely 
expo^ to insects, seemed to be equally fertile. 

The remainder of the seed was sown in two ac^joining rows in 
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the open ground ; and the eight tallest plants in each row were 
measured, with the following result : — 

Table XL. 

lieuda odorala (leetttingt from a temi-ndf-OenU Plant, jiantvi 
>n the open ground). 




The ayerage height of the eight crossed plants is here 25 ’92, 
and that of the eight self-fertilised plants 23 '54 inches; or os 
100 to 90. 



IX. VIOLACE.®.— Viola tbicolob. 

Whilst the flowers of the common cultiyated heartsease are 
young, the anthers shed their pollen into a little semi-cylin- 
drical possago, formed by the basal portion of the lower petal, 
and surrounded by popillse. The pollen thus collected lies 
close l)cneath the stigma, but can seldom gain access into its 
cavity, except by the aid of insects, which pass their proboscides 
down this passage into the nectary.* Consequently when I 
covered up a large plant of a cultivated variety, it set only 
eighteen capsules, and most of these contained very few good 
seeds— several from only one to three; whereas an equally flne 



* The flowers of tbU plant 
have been fnlly described by 
Sprangel, Hildetnand, Delpino, 
and U. Mailer. The latter author 
sums np all the previous ubaer- 
vations in his ‘ Befmehtung dcr 
Blunien,’ and In ‘Nature,’ Nov. 
20, 1873, p. 44. See also Mr. A. W. 



Bennett, in ‘Nature,’ May 15, 
187.3, p. 50; and some remarlu 
by Mr. Kitchener, ibid. p. 143. 
lire facts which foUow on Uie 
efleots of oovt'ring np a plant 
of V. tricolor have been quoted 
by Sir J. Lnbboek in his * British 
Wild Flowers,’ Ac. p. 02. 
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uncovered plant of the same variety, growing close by, produced 
105 fine capsules. The few flowers which produce capsules when 
insects are excluded, are perhaps fertilised by the ciu-ling inwards 
of the petals as they wither, for by this means pollen-grains 
adhering to the papill® might he inserted into the cavity of tho 
stigma. But it is more probable that their fertilisation is effected, 
as Mr. Bennett suggests, by Thrips and certain minute beetles 
wliich haunt the flowers, and which cannot bo excluded by any 
net. Humble-l>ees are tho usual fertilisers ; but I Imve more than 
once seen flies (Uhin^in roitrat i) at work, with the under sides of 
their bodies, heads and legs dusted with pollen; and having 
marked the flowers which they visited, I found them after a few 
days fertilised.* It is curious for how long a time the flowers of 
tho heartsease and of some other plants may be watched without 
au insect being seen to visit them. During the summer of 1841, 1 
ol>served many tim(» daily for more than a fortnight some large 
clumps of heartsease growing in my garden, before I saw a single 
humble-bee at work. During another summer I did the same, but 
at last saw some dark-coloured humble-bees visiting on three suc- 
cessive days almost every flower in several clamps ; and almost 
all these flowers quickly withered and produced fine capsules. 
I presume that a certain state of the atmosphere is necessary 
for the secretion of nectar, and that as soon as this occurs the 
insects discover the fact by the odour emitted, and immediately 
frequent the flowers. 

As tho flowers require the aid of insects for their complete 



• I shnnlil add that this fly 
apinrently did not suck the nec- 
tar, but was attracted by the pi- 
pillie which surround the etignu. 
H. Muller also saw a snuill bee, an 
Andrena, which could not reach 
the nectar, repeatedly inserting 
its proboscis beneath tlie stigma, 
where the papillto ore situated; 
so tliut these papilliB must be in 
some way attractive to insects. A 
writer asserts ( ‘ Zoologist,’ vol. 
iii.-ir. p. 1225) that a moth 
(Plusia) frequently visits the 
flowers of the pansy. Hive-bees 
do not onlinurily visit them, but 
II case has been recorded (•Gar- 
deners’ Chronicle,’ 1844, p. 874) 



of these bees doing so. H. Muller 
has also seen the hive-bee at work, 
but only on the wild small- 
flowered form. He gives n list 
I ‘Nature,’ 1873, p 45) of ull the 
insects which he nos seen visiting 
both the large and small-flowered 
forms. From his account, I sus- 
pect that the flowers of plants in 
a state of nature are visited more 
frequently by insects than those 
of the cultivated varieties. He 
has seen several butterflies snek- 
ing the flowers of wild plants, 
and this I have never observed in 
gardens, though I have watched 
the flowers during many years. 
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fertilisation, and as they are not visited by insects nearly so often 
as most other nectar-secrcting flowers, wo can understand the 
remarkable fact discovered by H. Miillcr and described by him 
in ‘ Nature,’ namely, that this species exists under two forms. 
One of these bears conspicuous flowers, wliich, as we liave seen, 
require the aid of insects, and are ada])ted to be cross-fer- 
tilised by them ; whilst the other form has much smaller and 
loss conspicuously coloured flowers, which are constructed on a 
slightly different plan, favouring self-fertilisation, and are thus 
adapted to ensure the propagation of the sjjecies. The self- 
fertile form, however, is occasionally visited, and may be crossed 
by insects, though this is rather doubtful. 

In my first experiments on Kiola tricolor I was unsuccessful in 
raising seedlings, and obtained only one full-grown crossed and 
self-fertilised j)lant. The former was 121 inches and the latter 8 
inches in height. On the following year several flowers on a 
fresh plant were crossed with 'pollen from another plant, which 
was known to be a distinct seedling ; and to this point it is im- 
portant to attend. Several other flowers on the same plant 
were fertilised with their own pollen. The average number 
of seeds in the ten crossed capsules was 18 '7, and in the twelve 
self-fertilised capsules 12 -83; or as 100 to 69. These seeds, 
after germinating on bare sand, were planted in pairs on the 
opposite sides of five pots. They were first measured when 
about a third of their full size, and the crosse<l plants then 
averaged 3 87 inches, and the self-fertilised only 2-00 inches in 
height ; or as 100 to 52. They were kept in the greenhonse, and 
did not grow vigorously. Whilst in flower they were again 
measured to the summits of their stems (see Table XLI.), with 
the following result : — 

The average height of the fourteen crossed plants is here 5 '58 
inches, and that of the fourteen self-fertilised 2 '37; or as 100 to 
42. In four out of the five pots, a crossed plant flowered before 
any one of the self-fertilised ; as likewise occurred with the pair 
raised during the previous year. These plants without being 
disturl)cd were now turned out of their i)ots and planted in the 
open ground, so as to form five separate clumps. Early in the 
following summer (1869) they flowered profusely, and being 
visited by humble-bees set many caimnles, which were carefully 
collected from all the plants on both sides. The crossed plants 
produced 167 capsules, and the self-fertilised only 17 ; or as 
100 to 10. So that the crossed plants wore more than twice the 
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height of the self-fertilised, gcnenlly flowered firsthand produced 
ten times as many naturally fertilised capsules. 



Table XLL 
Vioia tricolor. 




By the early part of the summer of 1870 the crossed plants in 
all the fire clumps had grown and spread so much more than 
the self-fertilised, that any comparison between them was 
superfluous. The crossed plants were covered with a sheet of 
bloom, whilst only a single self-fertilised plant, which was much 
finer than any of its brethren, flowered. The crossed and self- 
fertilised plants had now grown all matted together on tlie 
respective sides of the superficial partitions still separating them ; 
and in the clump which included the finest self-fertilised plant, 
I estipiated that tbe surface covered by the crossed plants was 
about nine times as largo as that covered by the self-fertilised 
plants. The extraordinary superiority of the crossed over the 
self-fertilised plants in all five clumps, was no doubt due to 
the crossed plants at ftst having had a decided advantage over 
the self-fertilised, and then robbing them more and more of their 
food during the succeeding seasons. But we should remember 
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that the same result would follow in a state of nature even to a 
greater degree; for my plants grew in ground kept clear of 
weeds, so that the self-fertilised bad to compete only with the 
crossed plants; whereas the whole surface of the ground is 
naturally covered with various kinds of plants, all of which 
have to struggle together for existence. 

The ensuing winter was very severe, and in the following 
spring (1871) the plants were again examined. All the self- 
fertilised wore now dead, with the exception of a single branch on 
one plant, which bore on its sununit a minute rosette of leaves 
al)out as large as a pea. On the other hand, aU the crossed 
plants without exception were growing vigorously. So that the 
self-fertilised plants, besides their inferiority in other respects, 
were more tender. 

Another experiment was now tried for the sake of ascertaining 
how far the superiority of the crossed plants, or to speak more 
correctly, the inferiority of the self-fertilised plants, would bo 
transmitted to their offspring. The one crossed and one self- 
fertilised plant, which were first raised, had been turned out of 
their pot and planted in the open gronnd. Both produced an 
abundance of very fine capsules, from which fact we may safely 
conclude that they had been cross-fertilised by insects. Seeds 
from lx)th, after germinating on sand, wore planted in pairs on 
the opposite sides of three pots. The naturally crossed seedlings 

Table ^fXiLL. 

Fiola tricolor: teedlingt from crou,d and self-fertilised Plants, the 

parents of both sets having been left to be naturally fertilised. 
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derived from the crossed plants flowered in all throe pots liefon- 
the naturally crossed seedlings derived from the self-fertilised 
plants. When both lots were in full flower, the two tallest 
plants on each side of each pot were measured, and the result 
is shown in the preceding table. 

The average height of the six tallest plants derived from the 
crossed plants is 12 '56 inches; and that of the six tallest plants 
derived from the self-fertilised plants is 10'31 inches; or as 
100 to 82. We hero see a considerable difference in height 
between the two sets, though very far from equalling that in the 
previous trials Ixjtwcen the offspring from crossed and self- 
fertilised flowers. This difference must be attributed to the 
latter set of plants having inherited a weak constitution from 
their parents, the offi<pring of self-fertilised flowers ; notwith- 
standing that the parents themselves had been freely inter- 
crossed with other plants by the aid of insects. 

X. KANUNCULACEiE.— Adonis .sstivaus. 

The results of my experiments on this plant are hardly worth 
giving, os I remark in my notes made at the time, “ seedlings, 
from some unknown cau.se, all miserably unhealthy.” Nor did they 
ever become healthy ; yet I feel bound to give the present ease, 
as it is opposed to the general results at which I have arrived. 
Fifteen Mowers were crossed and all produced fruit, containing 
on an average 32 '5 seeds; nineteen flowers were fertilised with 
their own pollen, and they likewise all yielded fruit, containing 
a rather larger average of 34 ' 5 seeds ; or as 100 to 106. Seedlings 
were raised from these seeds. In one of the pots all the self- 
fertilised plants died whilst quite young; in the two others, the 
meas iiements were as follows : 

Table XLin. 

Adunit Kttimli*. 
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Tho overage height of the four crossed plants is 14-25, and 
that of the four self-fertilised plants 14-31 ; or as 100 to 100 4 ; 
so that they wore in fact of equal height According to Professor 
If. Hoffmann,* this plant is proterandrous ; nevertheless it yields 
plenty of seeds when protected from insects. 

DkLPIIINIOM C0N8OLIDA. 

It has been said in tho case of this plant, as of so many 
others, that the flow-ers are fertilised in the bud, and that 
distinct plants or varieties can never naturally intercross.! But 
this is an error, as we may infer, firstly from tho flowers being 
proterandrous,— tho mature stamens bending up, one after the 
other, into the passage which hads to the nectary, and afterwauls 
tho mature pistils bending in the same direction; secondly, from 
the number of humble-bees which visit the flowers!; •nd thirdly, 
from the greater fertility of tho flowers when crossed with pollen 
from a distinct plant than when siwntaneously solf-fertihsed. In 
the year 1863 I enclosed a large branch in a net, and crossed five 
flowers with pollen from a distinct plant; these yielded caiieules 
containing on an average 35 -2 very fine seeds, with a nummum of 
forty-two in one cai)sule. Thirty-two other flowers on the same 
branch produced twenty-eight spontaneously self-fertilised cap- 
sules, containing on an average 17 -2 seeels, witli a maximum in 
one of thirty-six seeds. But six of these cajisnles were very poor, 
yielding only from one to five seeds; if these are excluded, the 
remaining twenty-two capsules give an average of 20-9 seeds, 
though many of these seeds were small. The fairest ratio, 
therefore, for tho number of seeds produced by a cross and by 
s]K)ntaneous self-fertilisation is as 100 to 59. These seeds were 
not sown, ns I had too many other exi>erimcnt8 in pix^rcss. 

In the summer of 1867, which was a very unfavourable one, 
I again crossed several flowers under a net with pollen from a 
distinct plant, and fertilised other flowers on the same plant witli 
their own pollen. The former yielded a much larger proiwrtion 
of capsules tlum tho latter ; and many of the sccrls in tho self- 
fertilised cajwules, though numerous, were so poor that an equal 
number of seeds from the crossed and self-fertilised capsules 

• ‘ Zor Spcciciirragc,’ 187-' 

p. 11. 

t Dccaiano, ‘ Comptcs-Iteiitim 
July, 1863, p. 5. 



J Their atructuro is deacrilssl 
by H. Muller, • Bcfruchtung,’ Ac., 

p. 12-2. 
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were in weight as 100 to 45. The two lots were allowed to 
germinate on sand, and j)airs were )>Ianted on the oi)ix)8ite sides 
of four jwts. When nearly two-thirds grown they were 
measured, as shown in the following table : — 



Table XLIV. 
Delphinium contdlida. 



>’o. of Pot 


1 CroMd PUnU. 


.SelMertUhed PUnU. 




1 InchM. 


InrhM. 


I. 


I 


11 


II. 


' 19 


16 1 




i 161 


III. 


' 26 


22 


IV. 


i »i 


8i 






61 


Total in inches. 


89-75 


75-50 



The six crossed plants here arerage 14-95, and the six self- 
fertilised 12-50 inches in height ; or as 100 to 84. When fully 
grown they were again measured, but from want of time only a 
single plant on each side was measured ; so that I have thought 
It l)est to give the earlier measurements. At the later period 
the three tallest crossed ])lants still exceeded considerably in 
height the three tallest self- fertilised, bnt not in quite so great 
a degree as before. The ix)ts w-ere left uncovered in the green- 
house, but whether the flowers were intercrossed by bees or self- 
fertilised I do not know. The six erossed plants jnroduced 282 
mature and immature capsules, whilst the six self-fertilised 
plants produced only 159 ; or as 100 to 56. So that the crossed 
)>Iants were very much more productive than the self-fertilised. 

XI. CABYOPHTLLACK®.— ViscARiA occlata. 

Twelve flowers Mere crossed w-ith pollen from another jilant, 
and yielded ten capsules, containing by M-eight 5-77 grains of 
seeds. Eighteen flowers were fertilised with their own ]x>llen 
and yielded twelve cai-^oles, eontaining by weight 2-63 grains. 
Therefore the seeds from an equal munlwr of crossed and self- 
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fertilUctl flowers would have been in weight os 100 to 38. I luul 
previonsly selected a medinm-sized ca|wule from each lot, and 
connted the seeds in both ; the crossed one contained 281, and 
the self-fertilised one 12G seeds; or as 100 to 44 Tlicse seeds 
were sown on o|>|x»ito sides of three pots, and several seedlings 
raised ; hut only the tallest flower-stem of one jilant on each 
side was measured. The three on the crossed side averaged 32 ‘5 
inches, and the three on the self-fertilised side 34 inebee in 
height ; or as 100 to 104. But this trial was on much too small 
a scale to lie trusted ; tlic plants also grew so nne4|ually tliat 
one of the three flower-stems on the crossed plants was very 
nearly twice as tall as tliat on one of the others; and one of 
the three flower-stems on the self- fertilised plants exceeded in 
an equal degree one of the others. 

In the following year the experiment was repealed on a larger 
scale: ten flowers were crossed on a new set of ]>lants and 
yielded ten capsules containing by weight G'o4 grains of seed. 
Eighteen spontaneously self-fertilised capsules were gathered, 
of which two contained no seed ; the other sixteen contained by 
Weight 6 -07 grains of seed. Therefore the weight of seed from 
an equal nomber of crossed and spontaneonsly self-fertilised 
flowers (instead of artificially fertilised as in the previous case) 
was as 100 to 58. 

The seetls after germinating on sand were planted in pairs on 
the opiioeitc sides of four ]iots, with all the remaining seeds sown 
crowded in the op]iosite sides of a fifth pot ; in this latter |>ot 
only the tallest plant on each side was measured. Until the 
seedlings had grown about 5 inches in height no difference 
conld be perceived in the two lots. Both lots flowered at nearly 
the same time. )Vhen they bad almost done flowering, the 
tallest flower-stem on each plant was measured, as shown in the 
following table (XLV.). 

The fifteen crossed plants here average 34 ’5, and the fifteen 
self-fertilised 33 '55 inches in height; or os 100 .to 97. So tliat 
the excess of height of the crossed plants is quite insignificant. In 
productiveness, however, the ilifference was much more plainly 
marked. All the capsules were gathered from both lots of plants 
(excei>t from the crowded and unproductive ones in Pot Y.), and 
at the close of the season the few remaining flowers were added 
in. The fourteen crossed plants produced 381, wliilst the four- 
teen self-fertilised plants produced only 293eai)sules and flowers; 
or ns 100 to 77. 
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Dianthus cartophyllus. 

The common carnation is strongly proterandrous, and there- 
fore depends to a large extent ujwn insects for fertilisation. 1 
have seen only bnmble-bees Tisiting the flowers, but I dare say 
other insects likewise do so. It is notorious that if pure seed is 
desired, the greatest care is necessary * to prevent the varieties 
which grow in the same garden from intercrossing. The pollen 
is generally shed and lost before the two stigmas in the same 
flower diverge and are ready to be fertilised. I was therefore 
often forced to use for self-fertilisation iwllen from the same 
plant instead of from the same flower. But on two occasions, 
when I athnded to this point, I was not able to detect any 
marked difference in the number of seeds produa'd by these two 
forms of self-fertilisation. 



• Gardeners' Chronicle,’ 1847, p. 268. 
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Severn! siDgle-flowcrod caroatiuns were i)lnnted in good soil, 
and were nil covered witli a net. Eight flowers were crosseil 
with iKjllen from a distinct plant and yielded six caiwules, 
containing on an average 88 ‘6 seeds, with a maximum in one of 
112 seeds. Eight other flowers were self-fertilised in the 
manner above described, and yielded seven capsules containing 
on an average 82 seeds, with a maximum in one of 112 seeds. 
So that there was very little difierence in the number of seeds 
produced by cross-fertilisation and self-fertilisation, viz., as 
100 to 02. As these plants were covered by a net, they pro- 
duced s]>ontaneously only a few capsules containing any seeds, 
and tlicse few may pcrha])s be attributed to Uie action of 
Thrii>s and other minute insects which haunt the flowers. A 
largo majority of the spontaneously self-fertilised capsnles pro- 
duced by several i>lant8 contained no seeds, or only a single one. 
Excluding these latter caisules, I counted the seeds in eighteen 
of the finest ones, and these contained on an average 18 seeds. 
One of tlie plants was siwntaneously self-fertile in a liigher degree 
than any of the others. On another occasion a single covered-uj) 
plant produced spontaneously eighteen capsules, but only two of 
these contained any seed, namely 10 and 15. 

Croued and ndf-fertHind Plants of the First Generation . — The 
many seeds obtained from tlie above crossc<l and artificially 
self-fertilised flowers were sown out of doors, and two large beds 
of seedlings, closely adjoining one another, thus raised. This 
was the first plant on which I experimented, and 1 had not 
then formed any regular scheme of ojieration. When the two 
lots were in full flower, I measured roughly a large number of 
plants but record only that the crossed were on an average 
fully 4 inches taller than the self-feitilisal. Judging from 
subsequent measurements, we may assume that the crosscti 
plants, were about 28 inches, and the self-fertilised about 
24 inches in height; and tliis will give us a ratio of 100 to 
86. Out of a large number of plants, four of the crossed ones 
flowered before any one of the self-fertilised jdants. 

Thirty flowers on these crossed plants of the first generation 
were again crossed with pollen from a distinct plant of the same 
lot, and yielded twenty-nine cajisules, containing on an average 
55-62 se^s, writh a maximum in one of 110 seeds. 

Thirty flowers on the self-fertilised plants were again self- 
fertilised ; eight of them with ]X)llen from the same flower, and 
the remainder with pollen from another flower on the same 
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plant ; and these produced twenty-two capsules, containing on an 
average 33 '95 seeds, with a maximum in one of 61 seeds. We 
thus see, judging by the number of seeds per capsule, that the 
crossed plants again crossed were more productive than the 
self-fertilised again self-fertilised, in tlio ratio of 100 to 65. 
Both the crossed and self-fertilised plants, from having grown 
much crowded in the two beds.'TJroduced less fine capsules and 
fewer seeds than did their parents. 

Crosneil and Kl/-ftrtili*ed Plantt of Ihe Second Oeneration . — The 
crossed and self-fertilised seeds from the crossed and self-fertilised 
plants of the last generation were sown on opposite sides of two 
pots ; but the seedlings were not thinned enough, so that both lots 
grow very irregularly, and most of the self-fertiUsed plants after 
a time ^ed from being smothered. My measurements were, 
therefore, very incomplete. From the first the crossed seedlings 
appeared the finest, and when they were on an average, by esti- 
lation, 5 inches high, the self- fertilised plants were only 4 
inches. In both pots the crossed plants flowered first. The two 
tallest flower-stems on the crossed plants in the two pots were 
17 and 16J inches in height ; and the two tallest flower-stems 
on the self-fertilised plants lOi and 9 inches; so that their 
heights were as 100 to 58. But this ratio, deduced from only 
two jiairs, obviously is not in the least trustworthy, and would 
not have been given hod it not been otherwise snpiwrted. I 
state in my notes that the crossed plants were very much more 
luxuriant than their opponents, and seemed to be twice as 
bulky. This latter estimate may be believed from the ascertained 
weights of the two lots in the next generation. Some flowers 
on these crossed plants were again crossed witli pollen from 
another plant of the tame lot, and some flowers on the self- 
fertilised plants again self-fertilised; and from the seeds thus 
obtained the plants of the next generation were raised. 

Crossed and stif-fertilised Plants of the Third Generation . — The 
seeds Just alluded to were allowed to germinate on bare sand, 
and were planted in pairs on the opposite sides of four pots. 
When the seedlings were in full flower, the tallest stem on each 
plant was measurwl to the base of the calyx. The measurements 
are given in the following table (XLVI.). In Pot I. the crossed 
and self-fertiUsed plants flower^ at the same time ; but in the 
other three pots the crossed flowered first. These latter plants 
also continued flowering much later in the autumn than the 
self-fertilised. 
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Dianthut caryophyllus {Third Gmeraliony. 




The average height of the eight crossed plants is hero 28 '39 
inches, and of the eight self-fertilised 28*21; or as 100 to 90. 
So that there was no difference in height worth speaking of; 
but in general vigour and luxuriance there was an astonishing 
difference, as shown by their weights. After the seed-capsules 
had been gathered, the eight crossed and the eight self-fertilised 
plants were cut down and weighed; the former weighed 43 
ounces, and the latter only 21 ounces; or as 100 to 49. 

These plants were all kept under a not, so that the capsules 
which they produced must have been all spontaneously self- 
fertilised. The eight crossed plants produced twenty-one such 
capsules, of which only twelve contained any seed, averaging 
8*5 per capsule. On the other hand, the eight self-fertilised 
plants produced no less tlian thirty-six capsules, of which I 
examined twenty-live, and, with the e.\ception of three, all 
contained seeds, averaging 10*63 seeds per capsule. Thus the 
proportional number of seeds per capsule produced by tlie plants 
of crossed origin to tliose produceil by the plants of self-fertilised 
origin (both lots being spontaneously self-fertilised) was as 100 
to 123. This anomalous result is probably due to some of the 
self-fertilised plants having varied so as to mature their pollen 
and stigmas more nearly at the same time than is proper to 
the species ; and we have already seen that some plants in the 
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first experiinent differed from the others in being slightly more 
self-fertile. 

The Effect* of a Croee with a/reeh Stock -. — Twenty flowers on the 
self-fertilised plants of the last or third generation, in Table XLVI., 
were fertilised with their own pollen, but taken from other 
flowers on the same plants. These protluced fifteen capsules, 
wliich contained (omitting two with only three and six seeds) 
on an average 47 '23 seeds, with a maximum of seventy in one. 
The self-fertilised capsules from the self-fertilised plants of the 
first generation yielded the much lower average of 35'95 seeds; 
but as these latter plants grew extremely crowded, nothing can 
be inferred with respect to this flifference in their self-fertility. 
The seedlings raisetl from the above seeds constitute the plants 
of the fourih self-fertilised generation in the following table 
(XLVII.). 

Twelve flowers on the same plants of the third self-fertilised 
generation, in Table XLVI., were crossed with pollen from the 
crossed plants in the same table. These cro-ssed plants had l)een 
intercrossed for the three previous generations ; and many of 
them, no doubt, were more or less closely inter-related, but not 
so closely as in some of the experiments with other species ; for 
several carnation plants had been raised and cros^ in the 
earlier generations. They were not related, or only in a distant 
degree, to the self-fertilised plants. The parents of both the 
self-fertilised and crossed plants had been subjected to as nearly 
as ]x>ssible the same conditions during the three previous genera- 
tions. The above twelve flowers produced ten capsules, contain- 
ing on an average 48 66 seeds, with a maximum in’ one of 
seventy-two seeds. The plants raised from these seeds may be 
called the intercroeted. 

Lastly, twelve flowers on the same self-fertilised plants of the 
tiurd generation were crossed with pollen from plants which 
had been raised from seeds purchased in London. It is almost 
certain that the plants which produced these seeds had grown 
under very different conditions to those to which my self- 
fertilised and crossed plants had been subjected ; and they were 
in no degree related. The above twelve flowers thus crossed 
all produced capsules, but these contained the low average'of 
37 ’41 seeds per caijsule, writh a maximum in one of sixty-four 
seeds. It is surprising that this cross with a fresh stock did not 
give a much higher average number of seeds ; for,' as wo shall 
immediately see, the plants raised from these seeds, which may 
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lie called the London-erossfl, benelUcd greatly by the cross, both 
in ^wth and fertility. 

The above three lots of seerls were allowed to germinate on 
bare sand. Many of the London-crossed germinated before the 
others, and were rejected ; and many of the intercrossed later 
than those of the other two lots. The seeds after thns germina- 
ting were planted in ten pots, made tripartite by superficial 



Table XLVII. 
Dianthu$ ciryophynut. 



No. of Pot. 


Lon^-croesfd 


IbtorcroeMid PUnts. 


SrlMertUtaed 








Inches. 


I. 


S9! 


25} 


29) 




30} 


21) 


+ 


II. 


361 




22) 




0 




+ 


111. 


28} 


30) 






+ 


23} 




IV. 


, 33} 


35) 


30 




1 38} 


32 


24} 


V. 


28 


34} 


■f 




0 


24) 


+ 


VI. 


32} 


24} 


30] 




31 


26 


24} 


VH. 


41} 


29} 


27} 




34| 


26} 


27 


VHl. 


1 34} 


29 


26) 




28) 


0 


-H 


IX. 


25) 


28) 


-I- 






+ 


0 


X. 1 


I 38 


28} 


22} 


i 


1 32} 


-t- 


0 


Total in inches. ' 


525-13 


420-00 


265-50 
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dirisions ; but when only two kinds of seeds germinated at the 
same time, they wore planted on the opposite sides of other pots ; 
and this is indicated by blank spaces in one of the three columns 
in Table XLVII. An 0 in the table signifies that the seedling 
died before it was measured; and a + signifies that the plant 
did not produce a flower-stem, and therefore was not measured. 
It deserves notice that no loss than eight out of the eighteen self- 
fertilised plants either died or did not flower; whereas only 
three out of the eighteen intercrossed, and four out of the twenty 
London-crossed plants, were in this predicament. The self- 
fertilised plants had a decidedly less vigorous appearance 
than the plants of the other two lots, their leaves being 
smaller and narrower. In only one pot did a self-fertilised plant 
flower before one of the two kinds of crossed plants, between 
which there was no marked difference in the period of flowering. 
The plants were measured to the base of the calyx, after they 
had completed their growth, late in the autumn. 

The average height of the sixteen London-crossed plants in 
the preceding table is 32 ’82 inches; that of the flftcen inter- 
crossed plants, 28 inches ; and that of the ten self-fertilised 
plants, 26-55. 

So that in height we have the following ratios 

The London-crossed to the self-fertilised as 100 to 81 
The London-crossed to the intercrossed as 100 to 85 
The intercrossed to the self-fertilised as 100 to 95 

These three lots of plants, which it should be remembered 
were all derived on the motlier-side from plants of the third 
self-fertilised generation, fertilised in three different ways, were 
left exposed to tlie visits of insects, and their flowers were freely 
crossed by them. As the capsules of each lot became ripe they 
were gathered and kept separate, the empty or bad ones being 
thrown away. But towards the middle of October, when the 
capsules could no longer ripen, all were gathered and were 
counted, whether good or bad. The capsules were then crushed, 
and the seed cleaned by sieves and weighed. For the sake of 
uniformity the results are given from calculation, as if there had 
been twenty plants in each lot. 

The sixteen London-crossed plants actually produced 286 
capsules; therefore twenty such plants would liave produced 
357 -5 capsules; and from the actual weight of the seeds, the 
twenty plants would have yielded 462 grains weight of seeds. 
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The fifteen intercros.sed plants actually produced 1.57 capsules ; 
therefore twenty of them would have produced 209 '3 capsules, 
and the seeds would have weighed 208 ’48 grains. 

The ten self-fertilised plants actually produced 70 capsules ; 
therefore twenty of them would have produced 140 capsules ; 
aud the seeds would have weighed 153 '2 grains. 

From those data we get the following ratios:— 

Number of capsules produced by an equal number of plants of 
the three lots. 

Number of Capsules. 

The London-crossed to the self-fertilised, as 100 to 39 
The London-crossed to the intercrossed, as 100 to 45 
The intercrossed to the self-fertilised, as 100 to 67 

IVeiyht if seeds produced by an equ tl number of plants of the 
three lots. 

Weight of Seed. 

The London-crossed to the self-fertilised, as 100 to 33 
The London-crossed to the intercrossed, as 100 to 45 
The intercrossed to the self-fertilised, as 100 to 73 

We thus see how greatly the ofbpring from the self-fertilised 
plants of the third generation crossed by a fresh stock, had 
their fertility increased, whether tested by the number of cap- 
sules produced or by the weight of the contained seeds; this 
latter being the more trustworthy method. Even the offspring 
from the self-fertilised plants crossed by one of the crossed 
plants of the same stock, notwitlistanding that both lots had 
been long subjected to the same conditions, had their fertility 
considerably increased, as tested by the same two methods. 

In conclusion it may be well to repeat in reference to the 
fertility of these tliree lots of plants, that their flowers were 
loft freely exposed to the visits of insects and were undoubtedly 
crossed by them, as may be inferred from the large number of good 
capsules produced. These plants were all the offspring of the 
same mother-plants, and the strongly marked difference in their 
fertility must be attributed to the nature of the pollen employed 
in fertilising their parents ; and the difference in the nature of the 
pollen must bo attributed to the different treatment to which 
the pollen-bearing parents had been subjected during several 
previous generations. 

Colour of the Jfloivers.—T\ie flowers produced by the self-fertilised 
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plants of tho last or fourth generation were as uniform in tint 
as those of a wild species, being of a pale pink or rose colour. 
Analogous cases with Mimulus and Ipomoea, after several 
generations of self-fertilisation, have been- already given. The 
flowers of the intercrossed plants of the fourth generation were 
likewise nearly uniform in colour. On the other hand, the flowers 
of the London-crossed plants, or those raised from a cross with 
the fresh stock which bore dark crimson flowers, varied extremely 
in colour, as might have l)Oon expected, and as is the general 
rule with seedling carnations. It deserves notice that only two 
or three of the London-crossed plants produced dark crimson 
flowers like those of their fathers, and only a very few of a pale 
pink like those of their mothers. The great majority had their 
petals longitudinally and variously striped with the two colours, 
—tho groimdwork tint being, however, in some cases darker 
than that of tho moUier-plants. 

XII. MALVACEAE.— Hibiscus ArsicAMUs. 

Many flowers on this Hibiscus were crossed with pollen from 
a distinct plant, and many others were self-fertilised. A rather 
larger proixirtional number of the crossed than of the self- 
fertilised flowers yielded capsules, and the crossed eapsules con- 
tained rather more seeds. The self-fertilised seeds were a little 
heavier than an equal number of the crossed seeds, but they 
germinated badly, and I raised only four plants of each lot. In 
three out of tho four jiots, the crossed plants flowered first. 

Table XLVIII. 
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The four crossed plants average 13-25, and the four self-fer- 
tilised 14-43 inches in height; or os 100 to 109. Here we have 
the unusual case of self-fertilised plants exceeding the crussed 
in height ; but only four pairs were measured, and these did not 
grow well or equally. I did not compare the fertility of the two 
lots. 
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This plant, as a general rule, is si 
is therefore adapted for cross-fertilisation by the aid of insects. 
Some flowers on a common scarlet variety were self-fertilised, 
and other flowers were crossed with pollen from another plant ; 
but no sooner had I done so, than I remembered that these 
plants had been propagated by cuttings from the same stock, 
and were therefore parts in a strict sense of the same individual. 
Nevertheless, having made the cross 1 resolved to save tlie seeds. 
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sides of three pots. In one pot the qnaei-crossed plant was very 
soon and ever afterwards taller and finer than the self-fertilised. 
In the two other pots the seedlings on both sides were for a time 
exactly equal ; but when the self-fertilised plants wore about 
10 inches in height, they surpassed their antagonists by a little, 
and ever afterwards showed a more decided and increasing 
advantage; so that the self-fertilised plants, taken altogether, 
were somewliat superior to the quasi-crossed plants. In this 
case, as in that of the Origanum, if individuals which have been 
asexually pro]»gated from the same stock, and which have been 
long subjected to the same conditions, are crossed, no advantage 
whatever is gained. 

Several flowers on another plant of the same variety were 
fertilised with pollen from the younger flowers on the same plant, 
so as to avoid using the old and long-shed pollen from the same 
flower, as I thought that this latter might be less efficient than 
fresh pollen. Other flowers on the same plant were crossed with 
fresh pollen from a plant which, although closely similar, was 
known to have arisen as a distinct seedling. The self-fertilised 
seeds germinated rather before the others ; but as soon as I got 
equal pairs they were planted on the opposite sides of four pots. 



Table XLIX. 
Ptlargonitim zouale. 



So. of Pol. 


Crossed Plante. 


Self.fertilued Plnnte. 


, "S' 


! 

12j 


11. 


13 


19| 




I2| 


22 J 


111. 


301 


isf 




18J 


n 


IV. 


38 


1 


Total in inchra. 


156-50 


116-38 



When the two lots of seedlings were between 4 and 5 inches in 
height they were equal, excepting in Pot IV., in which the crossed 
plant was much the tallest. When between II and 14 inches 
in height, they were measured to the tips of their uppermost 
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leaves; the crossed averaged 13'46, and the self-fertilised 11‘07 
inches in height, or as 100 to 82. Five montns later they were 
again mcasiued in the same manner, and the results are given 
in the ]>receding table. 

The seven crossed plants now averaged 22 '35, and the seven 
self-fertilised 16 62 inches in height, or as 100 to 74. But from 
the great inequality of the several plants, the result is less trust- 
worthy than in most other cases. In Pot II. the two self- 
fertilised plants always had an advantage, except whilst quite 
young over the two crossed plants. 

As I wished to ascertain how these plants would behave 
during a second growth, they were cut down close to the ground 
whilst growing freely. The crossed plants now showed their 
superiority in another way, for only one out of the seven was 
killed by the operation, whilst three of the self-fertilised iilants 
never recovered. There was, therefore, no use in keeping any of 
the plants excepting those in Pots 1. and III. ; and in the 
following year the crossed plants in these two puts showed during 
their second growth nearly the same relative superiority over 
the self-fertilised {dants as before. 

TnorjsoLUK niNus. 

The flowers are luoteraudrous, and are manifestly adapted 
for cross-fertilisation by insects, as shown by Sprengel and 
Delpino. Twelve flowers on some ]>lants growing out of doors 
were crossed with pollen from a distinct plant and pro<luced 
eleven ca]:)8nles, containing altogether twenty-four good seeds. 
Eighteen flowers were fertilised witli their own pollen and 
produced only eleven capsules, containing twenty-two good 
seeds ; so that a much larger projortion of the crossed than of 
the self-fertiUsed flowers produced cai>sule8, and the crossed 
cai>sules contained rather more seed than the self-fertilUed in 
the ratio of 100 to 92. The seeds from the self-fertilised ca]>sule8 
were however the heavier of the two, in the ratio of 100 to 87. 

Seeds in an equal state of germination were planted on the 
op])oeite sides of four pots, but only the two tallest plants on 
each side of each pot were measured to the tops of their stems. 
The iiots were placed in the greenhouse, and the plants trained 
up sticks, so that they ascended to an unusual height. In three 
of the ix)t8 the cros^ plants flowered first, but in the fourth 
at the same time with the self-fertilised. When the seedlings 
were between 6 and 7 inches in height, the crossed began to 
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show a slight advantage over thoir opponents. When grown to 
a considerable height the eight tallest crossed plants averaged 
44-43, and the eight tallest self-fertilised plants 37 '34 inches, 
or as 100 to 84. When their growth was completed they were 
again measured, as shown in the following table : — 

Table L. 




The eight tallest crossed plants now averaged 58 '43, and the 
eight tallest self-fertilised plants 46 inches in height, or as 100 
to 79. 

There was also a great difference in the fertility of the two 
lots which were left imcovered in the greenhouse. On the 17th 
of September the capsules from all the plants were gathered, 
and the seeds counted. The crossed plants yielded 343, whilst 
the same numlier of self-fertilised plants yielded only 155 seeds, 
or as 100 to 64. 



LniNAtrrnBs noucL.tsii. 

Several flowers were crossed and self-fertilised in the usual 
manner, but there was no marked difference in the number of 
seeds which they yielded. A vast number of spontaneously self- 
fertilised capsules were also produced under the net. Seedlings 
were raised in five ix>ts from the above seeds, and when the 
crossed were about 3 inches in height they showed a slight 
advantage over the self-fertilised. When double this height, the 
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Rixteen crossed and sixteen self-fertilised plants were measured 
to the tips of their leaves; the former averaged 7 -3 inches, and 
the self-fertilised 6'07 inches in height, or as 100 to 83. In 
all the pots, excepting IV., a crossed plant flowered before any 
one of the self-fertilised plants. The plants, when fully grown, 
were again measured to the summits of their ripe capsules, with 
the following result 



Table LI. 
Limnanthet donglutii. 




The sixteen crossed plants now averaged 17 ’46, and the 
fifteen (for one had died) self-fertilised plants 13 '85 inches in 
height, or as 100 to 79. Mr. Oalton considers that a higher ratio 
would be fairer, viz.,100to76. He made a graphical representa- 
tion of the above measurements, and adds the words “very 
good ” to the curvature thus formed. Both lots of plants pro- 
duced an abundance of seed-capsules, and, as far as couhl I« 
judged by the eye, there was no difference in their fertility. 
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XIV. LEGUMINOS^. 

In this family I ex|>erimented on the following six 
genera, Lupinus, Phaseolus, Lathyrus, Pisum, Saro- 
thamiuis, and Ononis. 

Lupinus lutbcs.* 

A few flowers were crossed with pollen from a distinct plant, 
bat owing to the nnfavoursbio season only two crossed seeds 
were produced. Nine seeds were saved from flowers spon- 
taneously self-fertilised under a net, on the same plant which 
yielded the two crossed seeds. One of these crossed seeds was 
sown in a pot with two self-fertilised seeds on the opposite side ; 
the latter came up between two and three days before the crossed 
seed. The second crossed seed was sown in like manner with 
two self-fertilised seeds on the opposite side ; these latter also came 
up about a day before the cruss^ one. In both pots, therefore, 
the crossed seedlings from germinating later, were at first com- 
pletely beaten by the self-fertilised ; nevertheless, this state of 
things was afterwards completely reversed. The seeds were 
sown late in the autumn, and the pots, which were much too 
small, were kept in the greenhouse. The plants in consequence 
grew badly, and the self-fertilised suflered most in both pots. 
The two crossed plants when in flower during the following spring 
were 9 inches in height; one of the self-fertilised plants was 
8, and the throe others only 3 inches in height, being thus 
more dwarfs. The two crossed plants produced thirteen pods, 
whilst the four self-fertilised plants produced only a single 
one. Some other self-fertilised plants which had been raised 
separately in larger pots produced several spontaneously self- 
fertilised pods under a net, and seeds from these were used in the 
following experiment. 

Craved and vlf-fertilited Plants of the Second Oeneraiion . — The 



• The structure of the flowers 
of thU plant, and ttieir manner of 
fertUustino, have been described 
by H. Haller, ‘ UeAmclitung,’ 4c. 
p. 243. The flowers do not 
secrete ftee nectar, and bees gen- 
erally visit them for their pollen. 
Mr. Fancr. however, remarks 



(‘Nature,’ 1872, p. 499) that 
■* there is a cavity at the back and 
base of the vexillum, in which I 
have not been able to And nectar. 
Ilut the bees, which constantly 
visit tiiese flowers, certainly go to 
this cavity for wliat they want, 
and not to the staminnl tube." 

I. 2 
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Kpontaneonsly self-fcrtilisod seeds just mentioned, and crossed 
seeds obtained by intercrossinR the two crossed plants of the last 
{mneratioD, after germinating on sand, were planted in pairs on 
the opposite sides of three large pots. When the seedlings were 
only 4 inches in height, the crossed had a slight advantage 
over their opponents. When grown to their full height, every 
one of tho crossed plants exceeded its opponent in height. 
Nevertheless the self-fertilised plants in all three pots flowered 
Iwfore the crossed! Tho measnrements are given in tho 
following table : — 



Table LII. 
Lvpintu lufrut. 



No.orFM. 1 


CrotMcd PIaoU. 


Sflf-fertlUwd PUnU. 




iDCbM. 


locbM. 


L 


33| 


24| 




30| 


I8| 




SO 


28 


II. 1 


29J 


26 




30 


25 


IIL 


30J 


28 




31 


271 




311 


241 


Total in incliM. 


2*6-25 


201-75 



The eight crossed plants hero average 80-78, and the eight 
self-fertilised 25*21 inches in height; eras 100 to 82. These 
plants were left uncovered in the greenhouse to set their pods, 
but they produced very few good ones, perhaps in part owing to 
few bees visiting thenL The crossed plants prodneed nine pods, 
containing on an average 3-4 seeds, and the self-fertilised plants 
seven pods, containing on an average 3 seeds, so that the seeds 
from an equal munber of plants were as 100 to 88. 

Two other crossed scc<Uing8, each with two self-fertib'sed 
seedlings on tho opposite sides of the same large pot, were 
tamed out of their pots early in the season, without being 
disturbed, into open gronnd of good quality. They were thus 
subjected to but little competition with one another, in com- 
l>ariBon with the plants in the above tliree pots. In the autumn 
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the two crossed plants were about 3 inches taller than the four 
self-fertilised plants ; they looked also more vigorous and pro- 
duced many more pods. 

Two other cross^ and self-fertilised seeds of the same lot, 
after germinating on sand, were planted on the opposite sides of 
a largo pot, in which a Calceolaria had long teen growing, 
and were therefore exposed to unfavourable conditions : the 
two crossed plants ultimately attained a height of 20i and 
20 inches, whilst the two self-fertilised were only 18 and 91 
inches high. 

LuPINUS PILOSUS. 

From a series of accidents I was again unfortunate in obtaining 
a sufficient number of crossed seedlings ; and the following 
results would not be worth giving, did they not strictly accord 
with those just given with resj)ect to L. luUus. I raised at first 
only a single crossed seedling, which was placed in competition 
with two self-fertilised ones on the opposite side of the same 
pot. These plants, without being disturl)ed, were soon after- 
wards tume<l into the open ground. By the autumn the crossed 
]>Iant had grown to so large a size that it almost smothered 
tlie two self-fertilised plants, which were mere dwarfs; and 
the latter died without maturing a single pod. Several self- 
fertilised seeds had teen planted at the same time separately 
in the open ground ; and the two tallest of these were 33 and 
32 inches, whereas the one crossed plant was 38 inches in height. 
This latter plant also produced many more pods than did any 
one of the self-fertilised plants, although growing separately. A 
few flowers on the one crossed plant were crossed with ixillen 
ftoni one of the self-fertilised plants, for I had no other crossed 
plant from which to obtain pollen. One of the self-fertilised 
plants having been covered by a not produced plenty of siwn- 
toncously self-fertilised pods. 

Crossed and self-fertilised 1‘lantso/the Second Generation . — From 
crossed and self-fertilised seeds obtained in the manner just 
described, I succeeded in raising to maturity only a pair of 
plants, which were kept in a pot in the greenhouse. The crossed 
plant grew to a height of 33 inches, and the self-fertilised to 
that of 261 inches. The former produced, whilst still kept in 
the greenhouse, eight pods, containing on an average 2 ' 77 seeds ; 
and the latter only two pods, containing on an average 2‘6 
seeds. The average height of the two crossed plants of the two 
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generations taken together was 35 '5, and that of tlie three self- 
fertilised plants of the same two generations 30'5; or as 100 
to 86* 



PhABEOLL-S MDLTIFLORDS. 



This plant, the scarlet-runner of English gardeners and the I‘. 
roccinem of Lamarck, originally came from Mexico, os I am in- 
formed by Mr. Benthnm. The flowers are so constructed that 
hive and humble-liees, which visit them incessantly, almost always 
alight on the left wing-petal, as they can liest suck the nectar 
from this side. Their weight and movements depress the petal, 
and this causes the stigma to protrude from the spirally-wound 
keel, and a brush of hairs round the stigma pushes out the pollen 
Itofora it. The ]x>llon adheres to the hood or proboscis of the 
bee which is at work, and is thus placed cither on the stigma 
of the same flower, or is carried to another flower.t Several 
\ ears ago I covered some plants under a large net, and these 
produced on one occasion about one-third, and on another occa- 
sion about one-eighth, of the number of pods wliich the same 
number of uncovered plants growing close alongside produced-t 
This lessened fertility was not caused by any injury from the 
net, os I moved the wing-petals of several protected flowers, in 
the same manner as bees do, and these produced remarkably 



• Wc here see that both l.upi- 
RIM lutnu uml pilotui at-ed frut-ly 
when insects are excluded : but 
Mr. Swale, of Christchurch, in 
New Zealand, informs me (see 
•Gardeners’ Chronicle,’ 1858, p. 
828) that the ganlen varieties of 
the lupine are not there visited by 
any bM's, and thut tliev seed less 
freely tlian any other intrudueed 
l^umiiuius plant, with the excep- 
tion of red clover. Ho adds, ’• I 
have, for amusement, during the 
suimuer, releast-d the stamens with 
a pin, and a pod of seed lias always 
rewarded me for my trouble, the 
adjoining Hewers not so served 
having oil proved blind.” I do 
not know to what species this 
statement refeis. 

t The flowers have been de- 
scribed by Delpino, and in un 
vr by Mr. Farrer 



admirable ni 



in the ‘Annals and Mag. of Nat. 
Hist’ vol. ii. i4th series) Oct. 
1868, p. 256. My son Francis 
has explained (‘Nature,’ Jan. 8, 
1874, p. 18U) the use of one pecu- 
liarity in their structure, namely, 
a little vertical projection ou tlie 
single free stamen near its tuise, 
which seems placed as if to guard 
the entrance into the two nectar- 
holes in the staminal sheath. 
He shows that tliis projection pre- 
vents the bees reaching the nectar, 
unh ss they go to the left side of 
the flower, and it is absolutely 
neoes.sarv for cross-firtilisation 
that they should alight ou tlie 
left wing-petal. 

: ‘ Gardeners’ Chronicle,’ 1857. 
p. 7'25, and more es|RH-ially ibid, 
1858, p. 8-J8. Also ‘Annals and 
Mag. of Nut. Hist.’ 3rd scries, 
vol. ii. 1858, p. 462. 
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fine pods. \Vhen tlie not was taken off, the flowers were imme- 
diately Tisited by bees, and it was interesting to observe liow 
quickly the plants became covered with young pods. As the 
flowers are much frequented by Thrips, the self-fertilisation of 
most of the flowers under the net may have been due to the action 
of these minute insects. Dr. Ogle likewise covered up a large 
portion of a plant, and “ out of a vast number of blossoms thus 
protected not a single one produced a pod, while the unprotected 
blossoms were for the most part fruitful." Mr. Belt gives a 
more curious case ; this plant grows well and flowers in Nicaragua ; 
but as none of the native bees visit tlie flowers, not a single pod 
is ever produced.* 

From the facts now given we may feel nearly sure that 
individuals of the same variety or of different varieties, if growing 
near each other and in flower at the same time, would inter- 
cross ; but I cannot myself advance any direct evidence of such 
an occurrence, as only a single variety is commonly cultivated in 
England. I Imve, however, received an account from the Rev. 
\V. A. Leighton, that plants raised by liim from ordinary seed 
produced seeds differing in an extraordinary manner in colour 
and shape, leading to the belief that their parents must have 
been crossed. In France M. Fermond more than once planted 
close together varieties which ordinarily come true and which 
bear differently coloured flowers and seeds; and the offspring 
thus raised varied so greatly that there could hardly bo a doubt 
that they luul intercrossod.t On the otlier hand, Professor H. 
Hoffmann t does not believe in the natural crossing of the 
varieties ; for although seedlings raised from two varieties growing 
close together produced plants which yielded seeds of a mixed 
character, he found that this likewise occurred with plants sepa- 
rated by a space of from 40 to 150 paces from any other variety ; 
he tliorefore attributes the mixed clmracter of the seed to sponta- 



• Dr. Ogle, ‘ Pop. Science Re- 
view,’ 1870, p. 108. Mr. Belt, 
‘The Naturalibt in Niciiragua,’ 
1874, p. 70. The latter author 
gives a case Nature,’ 1875, 
p. 20) of a late crop of P. muUi- 
jHortu iicor London, which " was 
rendea'd barren ’’ by the humble- 
bees cutting, us they frequently 
do, holes at the buses of the flowers 
instead of entering them in tlie 



proper manner. 

t ‘ Fdoondation chez les Ve'ge- 
taiix,' 185'.t, pp. 34-40. He adds 
that M. Villiers has described a 
spontunemu hybrid, which he 
ctdU P. coccinetu hybridut, in the 
‘ Annales de la Soo. U. de Horti- 
culture.’ June 1844. 

X ‘ Bestimmung des Werthes 
von Species uud Variefat,’ 18(i9, 
pp. 47-72. 
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neons variability. But the above distance would bo very far from 
sufficient to prevent intercrossing : cablmges have been known to 
cross at several times this distance ; and tlie careful Gartner* 
gives many instances of plants growing at from 600 to 800 yards 
apart fertilising one another. Professor Hoffmann even maintains 
that the flowers of the kidney-bean are si)ecially adapted for 
self-fertilisation. He enclosed several flowers in l«gs ; and as 
the buds often dropped off, he attributes the partial sterility of 
these flowers to the injurious effects of the bags, and not to the 
exclusion of insects. But the only safe method of experimenting 
is to cover up a whole plant, wliich then never suffers. 

Self-fertilised seeds were obtained by moving up and down in 
the same manner as bees do the wing-petals of flowers protected 
by a net ; and crossed seeds were obtained by crossing two of the 
plants imder the same net. 'ITie seeds after germinating on sand 
were planted on the opposite sides of two large pots, and equal- 
sized sticks were given them to twine up. When 8 inches 
in height, tlie plants on the two sides were equal. The crossed 
plants flowered before the self-fertilised in both pots. As soon 
as one of each pair had grown to the summit of its stick both 
were measured. 

Table LIU. 

Phaseolus multiflorus. 




The average height of the five crossed plants is 86 inches, and 
that of the five self-fertilised plants 82 *85 ; or as 100 to 96. The 
ix)ts were kept in the greenhouse, and there was little or no 
difference in the fertility of the two lots. Therefore as far as 
these few observations serve, the advantage gained by a cross is 

very small. 

• ‘ KenntnUs der Bcfracbtuiig,' 1844, pp. 573, 577. 
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FhASEOLCS VULGAB18. 

With respect to this species, 1 merely ascertained that the 
flowers were highly fertile when insects were excluded, as indeed 
must be the case, for the i>lants are often forced during the 
winter when no insects are present. Some plants of two varieties 
(viz., Canterbury and Fulmer’s Forcing Bean) were covered with 
a net, and they seemed to produce as many pods, containing as 
many beans, as some uncovered plants growing alongside ; but 
neither the pods nor the beans were actually counted. This 
diflerenco in self-fertility between P. vulgaris and multi/lonu is 
remarkable, as these two species arc so closely related that 
Linnsius thought that they formed one. When the varieties of P. 
vulgaris grow near one another in the open ground, they some- 
times cross largely, notwithstanding their capacity for self- 
fertilisation. Mr. Coe has given me a remarkable instance of 
tliis fact witli respect to the n^ro and a white-seeded and 
a brown-seeded variety, wluch were alt grown together. The 
diversity of character in the seedlings of the second generation 
raised by me from his plants was wonderful. I could add other 
analogous cases, and the fact is well known to gardeners.* 



Lathtbtjs odoratcs. 

Almost everyone who has studied the structure of papi- 
lionaceous flowers has been convinced that they are specially 
adapted for cross-fertilisation, although many of the species are 
likewise capable of self-fertilisation. The case therefore of 
Lathyrus odoratus or the sweet-pea is curious, for in this 
country it seems invariably to fertilise itself. I conclude that 
this is so, as five varieties, differing greatly in the colour of their 
flowers but in no otlier respect, are commonly sold and come 
true ; yet on inquiry from two great raisers of seed for sale, I 
find that they take no precautions to insure purity— the five 
varieties being habitually grown close together.t I have myself 
purposely made similar trials with the same result. Although 
the varieties always come true, yet, as we shall presently see, one 



• 1 have given Mr. Coe’s case 
in the ‘ Gurdeiiers’ Chronicle.’ 
1858, n. 82!». See also for another 
ease, ibid. p. 845. 
t See Mr. W. Earley In ‘Na- 



ture,’ 187-2, p. 242. to the tame 
elteet He onc^ however, saw 
bees visiting the nowets, and sup- 
posed that on this occasion they 
would have been intercrossed. 
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of tho five well-known varieties occasionally gives birth to another, 
which exhibits all its nsual characters. Owing to this cnrious 
fact, and to the darker-coloured varieties being the most pro- 
ductive, tliese increase, to the exclusion of the others, as I was 
informed by the late Mr. Masters, if there be no selection. 

In order to ascertain what would be the effect of crossing two 
varieties, some flowers on tho Purple sweet-pea, which has a 
dark reddish-purple standard-petal with violet-coloured wing- 
petals and keel, were castrat^ whilst very young, and were 
fertilised with pollen of the Painted Lady. This latter variety 
has a pale cherry-coloured standard, with almost white wings 
and keel. On two occasions I raised from a flower thus crossed 
plants perfectly resembling both parent-forms; but the greater 
number resembled the paternal variety. So perfect was the 
resemblance, that I should have suspected some mistake in the 
lalwl, had not the plants, which were at first identical in appear- 
ance with the father or Painted Lady, later in tho season produced 
flowers blotched and streaked with dark purple. This is an in- 
teresting example of partial reversion in ^e same individual 
plant as it grows older. The purple-flowered plants were thrown 
away, os they might possibly have been the product of the 
accidental self-fertilisation of the mother-plant, owing to tho 
castration not having been effectual. But the plants which 
resembled in the colour of their flowers tho paternal variety or 
Painted Lady were preserved, and their seeds saved. Next 
summer many plants were raised from these seeds, and they 
generally resembled their grandfather the Painted Lady, but 
most of them had their wing-petals streaked and stained with 
dark pink ; and a few had pole purple wings with the standard 
of a darker crimson than is natural to the Painted Lady, so 
that they formed a new sub-variety. Amongst these plants 
a single one appeared having purple flowers like tlioso of tho 
grandmother, but with tho iietals slightly streaked with a paler 
tint : this was tlirown away. Seeds were again saved from tho 
foregoing plants, and the seedlings thus raised still resembled 
the Painted Lotly, or great-grandfather; but they now varied 
much, tho standari petal varying from pale to dark red, in a 
few instances with blotches of white ; and the wing-petals varied 
from nearly white to purple, the keel being in all nearly white. 

As no variability of this kind can be detected in plants raised 
from seeds, the parents of which have grown during many suc- 
cessive generations in close proximity, we' may infer tliat they 
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cannot have intercrossed. What does occasionally occur is that 
in a row of plants raised from seeds of one variety, another 
variety true of its kind appears ; for instance, in a long row of 
Scarlets (the seeds of which had been carefully gathered from 
Scarlets fur the sake of this experiment) two Purples and one 
Fainted Lady appeared. Seeds from these three aberrant plants 
wore saved and sown in separate beds. The seedlings from both 
the Purples were chiefly Purples, but with some Painted Ladies 
and some Scarlets. The seedlings from the aberrant Painted 
Lady were chiefly Painted Ladies with some Scarlets. Each 
variety, whatever its parentage may have been, retained all its 
characters perfect, and there was no streaking or blotching of 
the colours, as in the foregoing plants of crossed origin. Another 
variety, however, is often sold, which is striped and blotched 
with dark purple ; and this is probably of crossed origin, for I 
found, as well os Mr. Masters, that it did not transmit its 
characters at all truly. 

From the evidence now given, we may conclude tliat the 
varieties of the sweet-pea rarely or never intercross in this 
country ; and this is a highly remarkable fact, considering, firstly, 
the general structure of the flowers ; secondly, the large quantity 
of pollen produced, far.more than is requisite forself-fertilisation; 
and thirdly, the occasional visits of insects. That insects sliouid 
sometimes fail to cross-fertilise the flowers is intelligible, for I 
have thrice seen humble- l>ee8 of two kinds, os well as liive-bees, 
sacking the nectar, and they did not depress the keel-petals so 
as to expose the anthers and stigma ; they were therefore quite 
inefficient for fertilising the flowers. One of these bees, namely, 
Bombua lapidariui, stood on one side at the base of tlie standard 
and inserted its proboscis beneath the single separate stamen, as 
I afterwards ascertained by opening the flower and finding thU 
stamen prised up. Bees are forced to act in this manner from 
the slit in the starainal tube being closely covered by the broad 
membranous margin of the single stamen, and from the tube 
not being perforated by nectar-passages. On the other hand, 
in the three British species of Lathyrus which 1 have examined, 
and in the allied genus Vicia, two nectar-passages are present. 
Therefore British bees might well be puzzled how to act in 
the case of the sweet-pea. I may add that the staminal tube 
of another exotic species, Lathyrus grandijlorw, is not per- 
forated by nectar-passages, and this species has rarely set any 
pods in my garden, unless the wing-petals were mov^ up and 



© The Comolete Work of Charles Darwin Online 



Chap. V. 



156 LATHYRU8 0D0RATC8. 

down, in the same manner as bees ought to do ; and then pods 
■were generally formed, but from some cause often dropped off 
afterwards. One of my sons caught an elephant sphinx-moth 
whilst visiting the flowers of the sweet-pea, but this insect would 
not depress the wing-])etals and keel. On the other hand, I have 
seen on one occasion hive-bees, and two or three occasions the 
Ma/aMle wiUmjhbitlla in the act of depressing the keel ; and 
these bees had the under sides of their bodies thickly covered 
with pollen, and could not thus fail to carry pollen from one 
flower to the sdgma of another. Why then do not the varieties 
occasionally inteixToss, though this would not often happen, as 
insects BO rarely act in an efficient manner ? The fact cannot, as 
it appears, bo explained by the flowers being self-fertilised at a 
very early ago ; for although noctar is sometimes secreted and 
pollen adheres to the viscid stigma before the flowers are fully 
exjiandcd, yet in five young flowers which were examined 
by mo the pollen-tnlies were not exserted. Whatever the cause 
may be, wo may conclude, that in England the varieties never or 
very rarely intercross. But it does not follow from this, that 
they would not bo crossed by the aid of other and larger insects 
in their native country, which in botanical works is said to be 
the south of Europe and the East Indies. Accordingly I wrote 
to Professor Delpino, in Florence, and he informs me “ tlmt it is 
the fixed opinion of gardeners there that the varieties do inter- 
cross, and that they caimot be preserved pure unless they are 
sown separately.” 

It follows also from the foregoing facts that tlie several varieties 
of the sweet-pea must have propagated themselves in England 
by self-fertilisation for very many generations, since the time 
when each now variety first ajipearad. From the analogy of the 
plants of Mimulus and Ipomeea, which had been self-fertilised 
for several generations, and from trials previously made with 
the common pea, which is in nearly the same state os the sweet- 
pea, it appeared to me very improtoble that a cross between the 
individuals of the same variety would benefit the offspring. A 
cross of this kind was therefore not tried, which I now regret. 
But some flowers of the Painted Lady, castrated at an early 
age, were fertilised with pollen from the Purple sweet-pea; and 
it should be remembered that these varieties differ in nothing 
except in the colour of their flowers. The cross was manifestly 
effectual (though only two seeds were obtained), as was shown 
by the two seedlings, when they flowered, closely rcsombling 
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their father, the Purple pea, excepting that they were a little 
lighter coloured, with their keels slightly streaked with pale 
purple. Seeds from flowers spontaneously self-fertilised under a 
net were at the same time saved from the same mother-plant, the 
Fainted Lady. These seeds unfortunately did not germinate on 
sand at the fame time with the crossed seeds, so tliat they conld 
not be planted simultaneously. One of the two crossed seeds in 
a state of germination was planted in a pot (No. L) in which a 
self-fertilised seed in the same state had been planted four days 
before, so that this latter seedling had a great advantage over 
the crossed one. In Pot II. the other crossed seed was planted 
two dajs before a self-fertilised one; so that here the crossed 
seedling had a considerable advantage over the self-fertilised one. 
But this crossed seedling had its summit gnawed off by a slug, 
and was in consequence for a time quite beaten by the self- 
fertilised plant. Nevertheless I allowed it to remain, and so 
great was its constitutional vigour that it ultimately beat its un- 
injured self-fertilised rival. When all four ])lants were almost 
fnlly grown they were measured, as here shown : — 

Tabus LIV. 

Lathyrut odomtiu. 




The two crossed plants here average 79 '25, and the two self- 
fertilised 03 ’75 inches in height, or as 100 to 80. Six flowers on 
those two crossed plants were reciprocally crossed with pollen 
from the other plant, and the six j)ods thus produced contained 
on an average six peas, with a maximum in one of seven. Eigh- 
teen spontaneously self-fertilised pods from the Painted Lady, 
which, as already stated, had no doubt been self-fertilised for 
many previous generations, contained on an average only 3 '93 
peas, with a maximum in one of five peas ; so that the number 
of peas in the crossed and self-fertilised pods was as 100 to 65. 
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The self-fertilised peas were, however, quite as heavy as those 
from the crossed pods. From these two lots of seeds, the plants 
of the next generation were raised. 

Plants of the Second Oeneration . — Many of the self-fertilised 
peas jnst referred to germinated on sand before any of the 
crossed ones, and were rejected. As soon as I got equal pairs, 
they were planted on the opposite sides of two large pots, which 
were kept in the greenhouse. The seedlings thus raised were the 
grandchildren of the Painted Lady, which was first crossed by 
the Purple variety. When the two lots were from 4 to 6 inches 
in height there was no difiercnce between them. Nor was there 
any marked difference in the period of their fiowering. When 
ftilly grown they were mtasur^, as follows : — 



Table LV. 

Luthyrus odoratus (^Second Oeneration). 



So. of Pot. 1 


ScfdliDfp ftaiii Ptunto'SeedlHig* fmm Plants 
ermeea during the j self-fertllbed during 
two previous Genera- previous 


i 

I. 


Inches. ' Inches. 

72j 57| 

1 71 67 

52] 1 66] 


II. 


3^! 

55 i 46 


Total in inches. 


377-50 331-86 



The average height of the six crossed plants is here 62 ' 91, and 
that of the six self-fertilised 55 ■ 31 inches ; or as 100 to 88. There 
was not much difference in the fertility of the two lots ; the 
crossed plants having produced in the greenhouse thirty-five 
pods, and the self-fertilised thirty-two pods. 

Se^s were saved from the .self-fertilised flowers on these two 
lots of plants, for the sake of ascertaining whether the seedlings 
thus raised would i*herit any difference in growth or vigour. 
It must therefore be understood that both lots in the following 
trial are plants of self-fertilised parentage ; but that in the one 
lot the plants were the children of plants which had been crossed 
during two previous generations, having been before that self- 
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fertilised for many generations ; and that in the other lot they 
were the children of plants which had not been crossed for very 
many previous generations. The seeds germinated on sand and 
were planted in pairs on the opposite sides of four pots. They 
were measured, when fully grown, with the following result 



Tablk LVI. 
Lathyrut odcratui. 



Seir-fnltllaed Ptanu 



Seir-rertlltml PUnt> 



Total in inches. 



56 j 
60] 



The average height of the seven self-fertilised plants, the off- 
spring of crossed plants, is 71 '57, and that of the seven self-fer- 
tilised plants, the offspring of self-fertilised plants, is 64' 67 ; or 
as 100 to 90. Tlie self-fertilised plants from the self-fertilised 
produced rather more pods — viz., thirty-six — than the self-fer- 
tilised plants from the crossed, for these produced only thirty-one 
pods. 

A few seeds of the same two lots were sown in the opposite 
corners of a large box in wliich a Brugmansia had long been 
growing, and in which the soil was so exhausted that seeds of 
Ipomoea purpurea would hardly vegetate ; yet the two plants of 
the sweet-pea which were raised flourished well. For a long 
time the self-fertilised plant from the self-fertilised beat the self- 
fertilised plant from the crossed plant ; the former flowered first, 
and was at one time 771 inches, wliilst the latter was only 68i in 
height; but ultimately the plant from the previous cross showed 
its superiority and attained a height of 1081 inches, whilst the 
other was only 96 inches. I also sowed some of the same two 
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lots of seeds in poor soil in n shady place in a shrublKTy. Hero 
atrain the self-fertilised plants from the self-fertilised for a long 
time exceeded considerably in height those from the previously 
crossed plants; and this may probably be attribute, in the 
present as in the last case, to these seeds having germinated 
rather sooner than those from the crossed plants ; but at the 
close of the season the tallest of the self-fertilisoil plants from 
the crossed plants was 30 inches, whilst the tallest of the self- 
fertilise<l from the self-fertilised was 29| inches in height 
From the various facts now given we see that plants derived 
from a cross between two varieties of the sweet-jx*, which differ 
in no respect cxeejit in the colour of their flowers, exceed 
considerably in height the offspring from self-fertilised plants, 
l)oth in the first and second generations. The crossed jilants 
also transmit their sujicriority in height and vigour to their 
self-fertilisod offspring. 



Pnmt 8ATIT0H. 

The common pea is |)crfectly fertile when its flowers are pro- 
tected from the visits of insects; I ascertained this with two or 
three different varieties, as did Dr. Ogle with another. But the 
floweni are likewise ada]>ted for cross-fertilisation; Mr. Farrcr 
specifles • the following points, namely : “ The open blossom dis- 
playing itself in the most attractive and conv^ent ]wsition for 
insects; the conspicnona vcxillnm; the wings forming an alight- 
ing place; the attacluncnt of the wings to the keel, by which 
any body pressing on the former must press down the latter ; 
the staminal tul>o enclosing nc'ctar, and affording by moans of its 
partially free stamen with ni>ertnrce on each side of its base an 
open passage to an insect socking the nectar ; the moist and 
sticky pollen placed just where it will be swept out of the apex 
of the keel against the entering insect; the stiff elastic stylo so 
placid that on a prossnre lioing applied to tlie keel it will be 
pushed upwards out of thokool; the hairs ondho stylo placed 
on tliat side of the stylo only on which there is siiaco for tho 
pollen, and in such a direction as to sweep it out ; and tho 
stigma so placed as to meet an entering insect, — all these 
Isjcome correlated iiarts of one elaborate mechanism, if we 

• ‘Nature,* Oct.- 10, 1H72, p. deacription of the flowers, ‘Be- 
479. 11. MUIlor gives an eluboruto fruchtung,’ &o. p. 247. 
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Buppofie that the fertiliHation of the.se flowers is effected by the 
carriage of ])ollon from one to the other.” Kotwithstanding these 
manifest provisions for cross-fertilisation, varieties which have 
been cultivated for very many snccessivo generations in close 
proximity, although flowering at the same time, remain pure. I 
have elsewhere * given evidence on this head, and if required 
could give more. There can hardly be a doubt that some of 
Knight’s varieties, which were originally produced by an artificial 
cross and were very vigorous, lasted for at least sixty years, and 
daring all these years were self-fertilised ; for had it been other- 
wise, they would not have kept true, as the several varieties 
are generally grown near together. Most of the varieties, how- 
ever, endure for a shorter period ; and this may bo in ])art due 
to their weakness of constitution from long-continued self- 
fertilisation. 

It is remarkable, considering that the flowers secrete much 
nectar and afford much pollan, how seldom they are visited by 
insects either in England or, as H. Muller remarks, in North 
Oermauy. I have observed the flowers for the last thirty years, 
and in all this time have only thrice seen bees of the proper kind at 
work (one of them being Bombua museurum), such as were suf- 
ficiently powerful to depress the keel, so as to get the undersides of 
their b^es dusted with pollen, 'lliese bees visited several flowers, 
and could hardly have failed to cross-fertilise them. Uive-ltees 
and other snudl kinds sometimes collect pollen from old and 
already fertilised flowers, but this is of no account. The rarity 
of the visits of effleiont bees to this exotic plant is, I believe, the 
chief cause of tlie varieties so seldom intercrossing. That a 
cross does occasionally take place, as might be expected from what 
has just been stated, is certain, from the recorded cases of the direct 
action of the pollen of one variety on the seed-coats of another, t 
The late Mr. Masters, who particularly attended to the raising of 
new varieties of peas, was convinced that some of them had 
originated from accidental crosses. But as such crosses are 
rare, the old varieties would not often bo thus deteriorated, more 
especially as plants dcimrting from the proper typo are gcnerally 
rejected by those who collect seed for sale. There is another 
cause which probably tends to render cross-fertilisation rare, 

• ‘Variution of Aninwls and t ‘Var. under Doracatioation,’ 
FInnts under DoinCHticntiou,’ cliap. xi. 2nd edit. vol. L p. 428. 

chap. ix. 2nd edit. vol. L p. 348. 

M 
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numoly, tho early age at which the pollen-tubes are oxserted; 
eight flowers not fully expanded were examined, and in seven of 
these the pollen-tnbes were in this state; but they had not as 
yet penetrated the sUgma. Although so few insecU visit tho 
flowers of the pea in this country or in North Germany, and 
iilthongh the anthers seem here to open abnormally soon, it does 
not follow that tho species in its native country would be thus 
circumstanced. 

Owing to the varieties having been self-fertilised for many 
generations, and to their having been subjected in each genera- 
tion to nearly the some conditions (as will be explained in a 
future chapter), I did not expect that a cross between two such 
plants would benefit tho offspring ; and so it proved on trial. In 
18U7 I covered up several plants of the Early Emperor pea. which 
was not then a very new variety, so tliat it must already have 
Ixicn propagatc<I by self-fertilisation for at least a dozen genera- 
tions. Some flowers were crossed with pollen from a distinct 
plant growing in the same row, and others wore allowed to 
fertilise themselves under a not. The two lots of seeds thus 
obtained were sown on opposite sides of two largo pots, but only 
tour pairs came up at tho same time. The pots wore kept in tho 
givonhonse. The seedlings of both loU when between 6 and 7 
inches in height were equal. When nearly full-grown they 
were measured, as in the following table 

Table LVII. 

PUum mtivum. 




The average height of the four crossed plants is here 34*62, 
and that of the four self-fertilised plants 39*68, or as 100 to 115. 
So that the crossed plants, far from beating the self-fertilised, 
wci*o completely beaten by them. 
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Tliero can bo no doubt that the result would have been 
widely different, if any two varieties out of the numberless ones 
which exist had been crossed. Notwithstanding that both had 
been self-fertilised for many previous generations, each would 
almost certainly have possessed its own peculiar constitutiou ; 
and this degree of differentiation would have been sufficient to 
make a cross highly beneficial. I have spoken thus confidently 
of the benefit which would have been derived from crossing any 
two varieties of the pea from the following facts: Andrew 
Knight in speaking of the results of crossing reciprocally very 
tall and short varieties, says,* “I had in this experiment a 
striking instance of the stimulative effects of crossing the breeds ; 
for the smallest variety, whose height rarely exceeded 2 feet, 
was increased to 6 feet; whilst the height of the large and 
luxuriant kind was very little diminished.” Recently Mr. Laxton 
has made numerous crosses, and everyone has been astonished at 
the vigour and huuriance of the new varieties which he has thus 
raised and afterwards fixed by selection. He gave me seed-peas 
produced from crosses between four distinct kinds; and the 
plants thus raised were extraordinarily vigorous, being in each 
case from 1 to 2 or even 3 feet taller than the parent-form.'!, 
which were raised at the same time close alongside. But as 
I did not measure their actual height I cannot give the exact 
ratio, but it must have been at least as 100 to 73. A similar 
trial was subsequently made with two other peas from a different 
cross, and the result was nearly the same. For instance, a crossed 
seedling between the Maple and Purple-podded pea was planted 
in poor soil and grew to the extraordinary height of 116 inches ; 
whereas the tallest plant of eitlicr |>arcnt variety, namely, a 
Purple-podded pea, was only 70 inches in height; or as 100 to GO. 

Sabothamnvs scoparids. 

Bees incessantly visit the flowers of the common Broom, and 
these are adapted by a curious mechanism for cross-fertilisation. 
When a bee alights on the wing-petals of a young flower, the 
keel is slightly opened and the short stamens spring out, which 
rub their pollen against the abdomen of the bee. If a rather 
older flower is visited for the first time (or if the bee exerts great 
force on a younger flower), the keel opens along its whole 
length, and the longer as well as the shorter stamens, together 

• ‘ Philoaopbical Transaction-!,’ ITW. p. 200. 
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with tho mnch elongated curved pistil, spring forth with violence. 
The flattened, spoon-like extremity of the pistil rests for a time 
on the back of the bee, and leaves on it the load of pollen with 
which it is cliarged. As soon as the bee flies away, the pistil 
instantly curls round, so that the stigmatic surface is now up- 
turned and occupies a position, in which it would be rubbed 
against tho abdomen of another bee visiting tho same flower. 
Thus, when tho pistil first escapes from the keel, the stigma 
is rubbed against the bock of the bee, dusted with pollen 
from the longer stamens, either of the same or another flower; 
and afterwards against the lower surface of the bee dusted 
with pollen from the shorter stamens, which is often shed a 
day or two before that from the longer stamens.* By this 
mechanism cross-fertilisation is rendered almost inevitable, and 
we shall immediately see that pollen from a distinct plant is 
more effective than that from the same flower. I need only add 
that, according to H. Mflller, the flowers do not secrete nectar, 
and he thinks that bees insert their proboscides only in the hope 
of finding nectar ; but they act in this manner so frequently and 
for BO long a time that I cannot avoid the belief that they 
obtain something palatable within the flowers. 

If the visits of bees arc prevented, and if the flowers are 
not dashed by the wind against any object, the keel never 
opens, so tliat the stamens and pistil remain enclosed. Plants 
thus protected yield very few pods in comparison with those 
produced by neighbouring uncovered btuhes, and sometimes 
none at all. I fertilised a few flowers on a plant growing 
almost in a state of nature with pollen from another plant 
close alongside, and the four crossed capsules contained on 
an average 9*2 seeds. This large number no doubt was due 
to the bush being covered up, and thus not exhausted by 
producing many pods ; for fifty pods gathered from an adjoining 
plant, the flowers of which had been fertilised by tho liees, 
contained an average of only 7 14 sccils. Ninety-three i<xls 
spontaneously self-fertilised on a large bush which had been 
covered up, but had been much agitate<l by the wind, contained 
an average of 2'93 seeds. Ten of tho finest of these niucty- 



* These observations have been 
quoted in an abhreviahd form by 
the Rov. O. Ucnslow, in tho 
‘Journal of Linn. hoc. But’ vol. 



ix. 1866, p. 358. H. Mailer lies 
since publishcl a full and excel- 
lent account of the flower iu his 
‘Befruchtung,' Sic. p. 240. 
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tliree cap*rales yielded on average of 4-30 seeds, that is less than 
half the average munbcr in the four artihcially crossed capsules. 
The ratio of 7 '14 to 2 '93, or as 100 to 41, is probably the 
direst for the number of seeds per pod, yielded by naturally- 
crossed and BiKintancously self-fertilised flowers. The crossed 
seeds compared with an equal number of the spontaneously self- 
fertilised seeds were heavier, in the ratio of 100 to 88. We thus 
see that besides the mechanical adaptations for cross-fertilisation, 
the flowers are much more productive with pollen from a 
distinct plant than with their own pollen. 

Eight pairs of the above crossed and self-fertilised seeds, after 
they had germinated on sand, were planted (1867) on the 
opposite sides of two largo pots. ^VTien several of the seedlings 
were an inch and a half in height, there was no marked difference 
between the two lots. But even at this early age the leaves of 
the self-fertilised seedlings were smaller and of not so bright a 
green as those of the crossed seedlings. The pots were kept in 
the greenhouse, and as the plants on the following spring (1868) 
looked unhealthy and had grown but little, they were plunged, 
still in their pots, into the open ground. The plants all suffered 
much from the sudden change, especially the self-fertilised, and 
two of the latter died. The remainder were measured, and I 
give the measurements in the following table, because I have 
not seen in any other species so great a difference between the 
crossed and self-fertilised seedlings at so early an age. 



Table LVIII. 

Sarolhamnut ncoparita {very young plants). 



No. Of Pot 


^ CroMed runta. 


Self-fertnised PUnis. 




1 Inches. 


1 Incbes. 


I. 


P 


21 




2 


J1 


II. 


2 

it 


11 

1 




01 


01 


Total ia inches. 


’ 17-5 


8-0 



The six crossed plants here average 2 '91, and the sis self- 
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fertilised 1’33 inches in height; so that the former were more 
tlian twice as high as the latter, or as 100 to 46. 

In the spring of the succeeding year (1869) the three crossed 
plants in Pot I. had all grovra to nearly a foot in height, and they 
had smothered the three little self-fertilised plants so completely 
that two were dead; and the third, only an inch and a half 
in height, was dying. It should be remembered that these 
plants had been bedded out in their pots, so that they were 
subjected to very severe competition. This ]K)t was now thrown 
away. 

The six plants in Pot II. were all alive. One of the self- 
fertilised was an inch and a quarter taller than any one of the 
crossed plants; but the other two self-fertilised plants were in a 
very poor condition. I therefore resolved to leave these plants to 
straggle together for some years. By the autumn of the same 
year (1869) the self-fertilised plant which had lxx:n victorious 
was now bmten. The measurements are shown in the following 
table : — 



Tablb LIX. 



Pot n . — Sarothamnui tcoparitu. 
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The three crossed plants now averaged 18‘91, and the three 
self-fertilised 11 '83 inches in height; or as 100 to 63. The three 
crossed plants in Pot I., as already shown, had beaten the three 
self-fcrtili-sed plants so completely, that any comparison between 
them was superfluous. 

The winter of 1870-1871 was severe. In the spring tho three 
crossed plants in Pot II. had not even the tips of their shoots in 
tho least injured, whereas all three self-fertilised plants were 
killed half-way down to the ground ; and this shows how much 
more tender they were. In consequence not one of these latter 
plants bore a single flower during the ensuing summer of 1871, 
wliilst all three crossed plants flowered. 

Ononis minotissima. 

This plant, of which seeds were sent me from North Italy, pro" 
duces, besides the ordinary papilionaceous flowers, minute, imper- 
fect, closed or cleistogene flowers, which can never be cross-ferti- 
lised, but are highly self-fertile. Some of the perfect flowers were 
crossed with pollen from a distinct plant, and six capsules thus 
produced yielded on an average 3 '66 seeds, with a maximum 
of five in one. Twelve perfect flowers were marked and allowed 
to fertilise themselves spontaneously under a net, and they 
yielded eight capsules, containing on an average 2 -38 seeds, with 
a maximum of three seeds in one. So that the crossed and self- 
fertilised capsules from tho perfect flowers yielded seeds in the 
proportion of 100 to 65. Fifty-three capsules produced by the 
cleistogene flowers contained on an average 4'1 seeds, so that 
these were the most productive of all; and tho seeds them- 
selves looked finer even than those from the crossed perfect 
flowers. 

The seeds from the crossed perfect flowers and from the self- 
fertilised cleistogene flowers were allowed to germinate on sand ; 
but unfortunately only two pairs germinated at tho same time. 
These were planted' on tho opposite sides of the same pot, which 
was kept in the greenhouse. In the summer of the same year, 
when the seedlings were about 41 inches in height, tlie two lots 
were equal. In the autumn of tho following year (1868) the two 
crossed plants were of exactly tho same height, viz., 11$ inches, 
and the two seif-fertilised plants 12J and 7{ inches ; so that one 
of the self-fertilised exceeded considerably in height all the others. 
By tlio autumn of 1869 tho two crossed plants had acquired tho 
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8nprcraacy ; thoir height being 16^ and 15]^, whilst that of the 
two self-fertilised plants was 14J and 11) inches. 

By the autunua of 1870, the heights were as follows: — 



Table LXI. 
Oiionii miniitisnima. 



CroMcdPUnu. 



I 



8 U-fiTUUard PUnU. 



‘"alT 

19| 



IncboA 

17) 

17| 



39-B3 I 34-75 



So that the mean height of the two crossed plants was 19 '81, 
and that of the two self-fertilisctl 17'37 inches ; or as 100 to 88. 
It should be remembered that the two lots were at first eqnal in 
height ; that one of the self-fertilised plants then had the advan- 
tage, the two crossed plants being at last victorious. 



Summary on the Leguminogas. — Six genera in this 
family were experimented on, and the results are in 
some respects remarkable. The crossed plants of the 
two species of Lupinns were conspicuously superior to 
the self-fertilised plants in height and fertility ; and 
when grown under very unfavourable conditions, in 
vigour. The scarlet-ninner {Phageohu mxjtijlorus) is 
partially sterile if the visits of bees are prevente<l, and 
there is reason to believe that varieties growing near 
one another intercross. The five erossetl plants, how- 
ever, exceeded in height the five self-fertilised only 
by a little. Phaseolug vulgarig is perfectly self-fertile ; 
nevertheless, varieties growing in the same garden 
sometimes intercross largely. The varieties of Lathyrug 
odoratug, on the other hand, appear never to intercross 
in this country ; and though the flowers are not often 
visited by efficient insects, I cannot account for this 
fact, more especially os the varieties are believed to 
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intercross in North Italy. Plants raised from a cross 
between two varieties, differing only in the colour of 
their flowers, grew much taller and were under un- 
favourable conditions more vigorous than the self-ferti- 
lised plants ; they also transmitted, when self-fertilised, 
their superiority to their offspring. The many varieties 
of the common Pea (Pisum saiivum), though growing in 
close proximity, very seldom intercross ; and this seems 
due to the rarity in this country of the visits of bees 
sufficiently powerful to effect cross-fertilisation. A 
cross between the self-fertilised individuals of the same 
variety does no good whatever to the offspring ; whilst 
a cross between distinct varieties, though closely allied, 
does great good, of which we have excellent evidence. 
Tht' flowers of the Broom (Sarothamnus) are almost 
sterile if they are not disturbed and if insects are ex- 
cluded. The pollen from a distinct plant is more 
effective than that from the same flower in producing 
seeds. The crossed seedlings have an enormous advart- 
tage over the self-fertilised when grown together in 
close comjK'tition. Lastly, only four plants of the 
Ononis minutissima were raised ; but as these were 
observed during their whole growth, the advantage of 
the crossed over the self-fertilised plants may, I think, 
bo fully trusted. 

XV. ONAGR.ACE.'E. — Clabkia eieoans. 

Owing to tho season being very unfavonrablo (1867), few of 
the flowers which 1 fertilised formed capsnics ; twelve crossed 
flowers produced only four, and eighteen self-fertilised flowers 
yielded only one capsule. The seeds after germinating on sand 
wore planted in three pots, hut all tho self-fertilised plants died 
in one of them. When tho two lots were between 4 and 5 
inches in height, tho crossed began to show a slight superiority 
over tho self-fertilised. When in full flower they were measured, 
with tho following result 
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Table LXII. 
Claricia elegann. 



No. of Pot j CroMwJ PiMils. 


Seir-fenlllMHl Plante. 


i lochcd. 


1 inches 


I. 40| 


33 ' 


35 




1 25 


23 


11. 1 33 1 


SOj 


Total ID inches. | 134‘0 j llO'S 



The ayerage height of the four crossed plants is 33 -5, and 
that of the four self-fertilised plants 27- 62 inches, or as 100 to 
82. The crossed plants altogether produced 10.5 and the self- 
fertilised plants 63 capsules ; or as 100 to 60. In both pots a 
self-fertilised plant flowered before any one of the crossed plants. 

XVI. LOASACE.aj. — Babtokia aukba. 

Some flowers were crossed and self-fertilised in the usual 
manner during two seasons; but as I reared on the first occasion 



Table LXIIl. 
Barlonia aurea. 
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only two pairs, the results are given together. On both occasions 
the crossed capsules contained slightly more seeds than the self- 
fertilised. During the first year, when the plants were about 
7 inches in height, the self-fertilised were the tallest, and in tlie 
second ye»r the crossed were the tallest When the two lots were 
in fall flower they were measured, as in the preceding table. 

The average height of the eight crossed plants is 24 ' G2, and that 
of the eight self-fertilised 2C'31 inches; or as 100 to 107. So that 
the self-fertilised had a decided advantage over tlie crossed. But 
the plants from some cause never grew well, and Anally became 
so nnhealthy that only three crossed and three self-fertilised 
plants survived to set any capsules, and these were few in number. 
The two lots seemed to be alwnt equally unproductive. 

XVIL PASSIFLORACE^.— Passifloba obacius. 

This annual species produces spontaneously numerous fruits 
when insects are excluded, and behaves in this respect very 
differently from most of the other species in the genus, which 
are extremely sterile unless fertilised with pollen from a distinct 
plant.* Fourteen fruits from crossed flowers contained on an 
average 24 ’14 seeds. Fourteen fruits (two poor ones being 
rejected), spontaneously self-fertilised under a net, contained on 
an average 20-58 seeds per fruit; or as 100 to 85. These seeds 
were sown on the opposite sides of three pots, but only two pairs 
came up at the same time ; and therefore a &ir judgment cannot 
be formed. 

Table LXIV. 

Paaifiora gracitit. 




The mean of the two crossed is 49 inches, and that of the two 
self-fertilised 51 inches ; or as 100 to 104. 



• ‘ Variation of Animals and chap. xvii. 2nd edit. vol. ii. p. 
Plants under Domestication,’ 118. 
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XVIII. ITMBELLIFEBiE.— Apium petboselisum. 

The UmliellifenB aro proterandiouR, and can hardly fail to be 
cross-fertilised by the many flies and small HjineDoptera which 
visit the flowers.* A plant of the common parsley was covei-ed 
by a net, and it apimrently produced as many and as fine 
Hix>ntaneously self-fertilised fruits or seeds as the adjoining 
uncovered plants. The flowers on the latter were visited by so 
many insects that they must have received pollen from one 
another. Some of these two lots of seeds were left on sand, but 
nearly all the self-fertilised seeds germinated before the others, 
so that I was forced to throw all away. The remaining seeds 
were then sown on the opposite sides of four pots. At first the 
self-fertilised seedlings were a little taller in most of the pots 
than the naturally crossed seedlings, and this no donbt was duo 
to the self-fertilised seeds having germinated first. But in 
the autumn all the plants were so equal that it did not seem 
worth while to measure them. In two of the pots they were 
absolutely equal ; in a third, if there was any diSerence, it was 
in favour of the crossed plants, and in a somewhat plainer 
manner in the fourth pot. But neither side had any substantial 
advantage over the other; so that in height they may be said 
to be as 100 to 100. 

XIX. DEPSACEiE.— ScABiOBA atbo-pubpurea. 

The flowers, which are proterandrous, were fertilised during 



Table LXV. 
Sotbiota alro-purpurea. 




(as etated by Godron, ‘ be I’Es- other readily intercross. 
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the unfavourable season of 1867, so that I got few seeds, 
especially from the self-fertilised heads, which were extremely 
sterile. The crossed and self-fertilised plants raised from these 
seeds were measured before they were in full flower, as in the 
preceding table. 

The four crossed plants averaged 17 ' 12 , and the four self-fer- 
tilised 15-37 inches in height; or os ICO to 90. One of the self- 
fertilised plants in Pot III. was hilled by an accident, and its 
fellow pulled up; so that when they were agaiir measured to the 
summits of their flowers, there were only three on each side ; 
the crossed now averaged in height 3fl-83, and the self-fertilised 
30-16 inches; or as 100 to 92. 

XX. COMPOSITiE.— Laotcca sativa. 

■ Three plants of Lettuce* (Great London Cos var.) grew close 
togotlier in my garden ; one was covered by a net, and produced 
aelf-fertiliscd scixls, the other two were allowed to be naturally 
crossed by insects; but the season (1867) was unfavourable, and 
I did not obtain many seeds. Only one crossed and one self- 
fertilised plant were raised in Pot I., and their measurements are 
given in the following table (LXVI.). The flowers on this one 
self-fertilised plant were again self-fertilised under a net, not 
will) pollen from the same floret, but from other florets on the 
same head. The flowers on the two crossed plants were left to 
bo crossed by insects, but tlie process was aided by some pollen 
being occasionally transported by me from phmt to plant. These 
two lots of seeds, after germinating on sand, were planted in 
pairs on the o^wsite sides of Pots II. and III., which were at 
first kept in the greenhouse and then turned out of doors. The 
plants were measured when in full flower. The following table, 
therefore, includes plants belonging to two generations. When 
the seedlings of the two lots were only 5 or 6 inches in height 
they were equal. In Pot III. one of the self-fertilised ])lants 
died before flowering, as has occurred in so many other cases. 



• The Compoeitai are well- 
adaptul for croaa-fertiliaatinn, but 
a nursciymun on whom I can 
rely, told me that he bud been in 
the iiubit of sowing sovomi kinds 
of lettuce near together for the 
sake of seed, iind liad never ob- 
served that they became crossed. 



It is very improbable that all the 
varieties which were tlius culti- 
vated near together flowered at 
different times; but two which I 
selech d by hazard und sowe<i 
near each other did not flower at 
the same time ; and my trial 
failed. 
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Table LXVL 



Laduta Mtiva. 



No. of PM. 


CroMcd rUnU. 


Seir-fBrUlM PUatt. 




iBohea 


IncbM. 


I. 


'll 


21 1 


First generation. 


25 


20 


plant^ in open 






gronnd. 






II. 


29J 


24 


Second geaeration. 




10 


plant^ iwopen 


12 i 


11 


gronnd. 






III. 


U 




Second generation. 


10| 


0 


kept in the pot. 






Total in inches. 


1 136 


96 



The average height of the seven crossed plants ia 19-43, and 
that of the six self-fertilised plants 16 inches ; or as 100 to 82. 

XXI. CAMPANULACE.E.— Specclabia bpeculuii. 

In the closely allied genns, Campannla, in which Specnlaria 
was formerly included, the anthers shed at an early period their 
pollen, and this adheres to the collecting hairs which surround 
the pistil beneath the stigma; so that without some mechanical 
aid the flowers cannot be fertilised. For instance, I covered up 
a plant of Campanula oarpathica, and it did not produce a single 
capsule, whilst the surrounding uncovered planU seeded pro- 
fusely. On the other hand, the present species of 8pecularia 
appears to set almost as many capsules when covered up, as 
when loft to the visits of the Diptera, which, as far as I have 
seen, are the only insects that frequent the flowers.* I did not 
ascertain whether the naturally crossed and spontaneously self- 
fertilised capsules contained an equal number of seeds, but a 
comparison of artificially crossed and self-feriilised flowers, 

• It has long been known tliat oleistogcne as well as perfect 

■mother species of the genus, flowers, and the former are of 

Upeealaria per/olia/o, produces course self-fcrtilo. 
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Bbowed that the former were prolwbly the most prodnctiTe. It 
appears that this plant is capable of producing a large number 
of self-fertilised capsules owing to the petals closing at night, as 
well 08 during cold weather. In the act of closing, the margins 
of the petals become roflexed, and their inwardly projecting 
midribs then pass between the clefts of the stigma, and in doing 
so push the pollen from the outside of the pistil on to the 
stigmatic surfaces.* 

Twenty flowers were fertilised by me with their own pollen, 
but owing to the bad season, only six capsules were produced ; 
they contained on an average 21-7 seeds, with a maximum of 
forty-eight in one. Fourteen flowers were crossed with pollen 
from another plant, and these produced twelve capsules, contain- 
ing on an average 30 seeds, with a maximum in one of fifty- 
seven seeds ; so that the crossed seeds were to the self-fertilised 
from an equal number of capsules as 100 to 72. The former 
were also heavier than an equal niunber of self-fertilised seeds, 
in the ratio of 100 to 86. Thus, whether we judge by the numl«r 
of capsules produced from an equal number of flowers, or by the 
average number of the contained seeds, or the maximum number 
in any one capsule, or by their weight, crossing does great good 
in comparison with self-fertilisatiotL The two lots of seeds were 



Table LXVU. 

S/ eculuria speculum. 



No. Of Pot. 


j Maul 


1 TaUest Self-fertilised 
1 Maat in cacta PoL 




1 jKhes. 


1 Inches. 


I. 




15f 


11. 


17 


i 19 


111. 


22) 


1 18 


IV. 


1 20 1 


23 


Total in inches. 


- -.3 


75-75 



* Mr. Meehan has lately shewn Ionia virginica and Ranunculus bul- 
(‘ Free. Acad. Nat. 8c. I'hiladel- bosus during the night causes their 
phis,- May 16, 1876, p. 81) that sclI-fertUisuUon. 
the closing of the flowers of Clay- 
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sown on the oiipomte wdos of four pots ; but tho seeiHiogs were 
not BufiSciently thinned. Only the tallest plant on each tide was 
measured, when fully grown. The measurements are given in 
the preceding table. In all four ]x>ts the crossed plants flowered 
first. When the seedlings were only about an inch and a half in 
height both lots were equal 

The four tallest crossed plants averaged 19'28, and the four 
tallest self-fcrtUised 18*93 inches in height; or as lUO to 98. 
So that there was no diflerence worth s]>eaking of between the 
two lots in height ; though other great advantages ate derived, 
as we have seen, from cross-fertilisation. From being grown in 
pots and kept in the greenhouse, none of the plants produced 
any capsules. 

Lobelia bauosa.* 

Far. Snoa-JIakt. 

The well-atlaptcd means by which cross-fertilisation is en- 
sured in this genus have been described by several authors, f 
The pistil as it slowly increases in length pushes the pollen 
out of the conjoined anthers, by the aid of a ring of bristles ; the 
two lobes of the stigma being at this time closed and incapable 
of fertilisation. The extrusion of the pollen is also aided by 
insects, which mb against the little bristles that project from 
the anthers. The pollen thus pushed out is carried by insects 
to the older flowers, in which the stigma of the now freely 
projecting pistil is open and ready to be fertilised. I proved 
tlio importance of the gaily-colour^ corolla, by cutting off tho 
largo lower petal of several flowers of LoUlia erinus ; and these 
flowers were neglected by tlio hive-bees which were incessantly 
visiting the other flowers. 

A capsule was obtained by crossing a flower of i. ramota 



• I have adopted the name 
given to this plant in the Miar- 
denera’ Clironicio,’ IWW. Prof. 
T. Dyer, however, informs me 
tliat it probably is a white variety 
of L. tnuior of K. Brown, from 
W. Austndia. 

t See the works of Hildebrand 
and Delpino. Mr. Farrcr also 
has given a remarkably clear 
description of the meehanism by 
which cross-fertili-ation iseffect. d 

in this genus, in tho ‘ Annals and 



Mag. of NaL Hist.’ vol. il (4th 
series) I8C8, p. 2ia>. In the allied 
genus Isotoma, the curious spike 
which projeels reetangulaily from 
tho authors, and wliieli when 
shakeu causes tho |mlten h> fall 
on tho bock of an entering inrect, 
aeenis to have been developed 
from a bristle, like one i.f those 
which spring from the anthers in 
some of or all the species I'f Lo- 
belia, ns described by Sir. Fairer. 
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with pollen from another plant, and two other caiwulos from 
artificiaU/ self-fertilised flowers. The contained seeds were 
sown on the opposite sides of four pots. Some of the crossed 
seedlings which came up before the others had to be pulled up 
and thrown away. Whilst the plants were very small there was 
not much difference in height between the two lots ; but in Pot 
III. the self-fertilised were for a time the tallest. Wlien in full 
flower the tallest plant on each side of each pot was measured, 
and the result is shown in the following table. In all four 
pots a crossed plant flowered before any one of its opponents. 



Tabli LX\^II. 

Lobelia ramota (Firet Oeueralion). 



No. Of Pot. 


1 Tollmt CroiMd PUnl , 

1 1 


! ToUeot 8. lf>frrtnt«d 
PUnl In each PM. 


L 


1 ladM. 1 

1 W| 1 


1 InciM. 

1 ni 


II. 




u 


UI. 


181 


15 


IV. 


22| 


17 


Total U iBchoa. 


89-0 


78-5 



The four tallest crossed plants aToroged 22 ‘25, and the four 
Ullest self-ferUlised I8‘37 inches in height ; or as 100 to 82. I 
was surprised to find that the anthers of a good many of these 
self-fertilised plants did not cohere and did not contain any 
pollen ; and the anthers even of a very few of the crossed plants 
were in the same condition. Some flowers on the crossed plants 
were again crossed, four capsules l>eing thus obtained ; and some 
flowers on the self-fertilised plants were again self-fertilised, 
seven capsules being thus obtained. The seeds from both lots 
were weighed, and it was calculated that an equal number of 
capsules would have yielded seed in the proportion by weight of 
100 for the crossed to 60 for the self-fertilised capsules. So that 
the flowers on the crossed plants again crossed were much 
more fertile than those on the self-fertilised plants again self- 
fertilised. 

N 
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I'lantt qf the Steond Otneralion . — The above two lots of seedn 
were placed on damp aand, and many of the crossed seeds 
germinated, as on the last occasion, before the self-fcrtilised.and 
were rejected. Three or four pairs in the same state of germina- 
tion were planted on the opposite sides of two pots ; a single 
)Mir in a third pot ; and all the remaining seeds were sown crowded 
in a fourth pot. Wlien the seedlings wore about one and a half 
inches in height, they wore equal on both sides of the throe first 
jiots ; but in Pot IV., in which they grew crowded and were 
thus exposed to severe competition, the crossed were about a 
third taller than the self-fertilised. In this latter pot, when 
the crossed averaged 5 inches in height, the self-fertilised were 
alx>ut 4 inches; nor did they look nearly such fine plants. 
In all four pots the crossed plants flower^ some days before 
the self-fertilised. When in full flower the tallest plant on each 
side was measured; but before this time the single crossed 
plant in Pot IIL, which was taller than its antagonist, had died 
and was not measnred. So that only the tallest plant on each 
side of three pots was measnred, as in the following table : — 



Table LXIX. 

Lcbelia raatom {Second OenenUion). 



SAorPM. 


1 ToUmCOwmI Plu 
1 la^eocfcrM. 


II ' T*Ue« 

1 PlMifaMekPM. 




1 locbM. 




L 


27| 


1 >81 


11. 


21 


1 I »1 


IV. 

Ciovd«d. 


: 2i| 




Total is iacho. 


70 


87 



The average height of the three tallest crossed plants is here 
23*33, and that of the three tallest self-fertiliaed 19 inches ; or as 
100 to 81. Besides this difference in height, the crossed plants 
were much more vigorous and more branched than the self- 
fertilised plants, and it is unfortunate that they were not 
weighed. 
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LoBCUA rCLGEIS. 

This species offers a somewhat |ierplexing case. In the Srst 
generation the self-fertilised plants, though few in nomlier, 
greatly exceeded the crossed in height ; whilst in the second 
generation, when the trial was made on a much larger scale, the 
crossed beat the self-fertilised plants. As this species is 
generally propagated by off-sets, some seedlings were first 
raised, in onler to bare distinct plants. On one of these plants 
several fiowers were fertilised with their own pollen ; and as the 
pollen is mature and shed long before the stigma of the same 
flower is ready for fertilisation, it was necessary to number each 
flower and keep its pollen in paper with a corresponding number. 
By this means well-matured ixillen was used for self-fertilisation. 
Several fiowers on the same plant were crossed with |x>llen from 
a distinct individual, and to obtain this the copjoined anthers of 
young fiowers were roughly 8>{ueezed, and as it is naturally 
protruded very slowly by the growth of the pistil, it is probable 
that the pollen used by me was hardly mature, certainly less 
mature than that employed for self-fertilisation. I did not at 
the time think of this source of error, but I now suspect that 
the growth of the crossod plants was thus injured. Anyhow tlie 
trial was not perfectly lair. Op]iosed to the belief that the 
pollen used in crossing was not in so good a state as that usmI 
for self-Iertilisation, is the fact that a greater proportional numln-r 
of the crossod than of the self-fertilised flowers produced caft- 
snles ; but there was no marked difference in the amount of seed 
contained in tlio caiwulos of the two lots.* 

As the seeds obtained by the above two methods would not 
germinate when left on bare sand, they were sown on the 
opposite sides of four pots ; but I succeeded in raising only a 
single pair of seedlings of the same age in each pot The self- 
fertilised seedlings, when only a few inches in height, were in 
most of the pots tailor than their opponents ; and they flowered 
so much earlier in all the pots, that the height of the flower- 
stems could bo fairly compared only in Pots I. and II. 



* Gartner boa shown that cer- 
tain plaiita of Lobrtia fulfeiu are 
quite sterile with pollen from the 
same pluiit thiiugh this iwllen is 
efllcieiit on uny other inaividusl ; 



bnt none of the plants on which 
I experimented, which were kept 
in the greenhouse, wore hi tliis 
peculiur condition. 

s 2 
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Table LXX. 

LoMiafulgeiu {Firti Oauratkm). 



Heigklcrnam- 
Xo-atPoc. >t«D»ualteCna«l 

Ftaiiu. 


lleigiM of riotmw 


I. 'm"’ 


ItKlira. 

50 


II. 1 S6| 


S8| 


III. 2t 

Not io fall flowsr. 


*3 


IV. 1 la 

1 Not in full flowor. 


85| 



The mean height of the flower-Btems of the two rToeaed plantH 
in PoU I. and II. ia here 31'75 inrhea, and that of the two aelf- 
fertiliHMl plants in the same p*>ta 44‘25 inches; or as 100 to 127. 
Tlio Nulf-fortilisod plants in Pots III. and IV. wore in every 
respect very much finer tliau the crossed plants. 

1 was so much surprised at this great superiority of the self- 
fertilised over the crossed plants, tliat I determined to try how 
they would behave in one of the pots during a second growth. 
The two plants, therefore, in Pot 1. were cut down, and repotted 
without being disturbed in a much larger pot. In the following 
year the self-fertilised plant showed even a greater snix;riority 
tlian before; for the two tallest flower-stems produced by the 
one crossed plant were only 29|| and SOI inches in height, 
whereas the two tallest stems on the one self-fertilised plant 
were 49j and 49f inches ; and this gives a ratio of 100 to 167. 
Considering all the evidunce, there can bo no doubt that these 
self-fertilised idants liad a great su])oriority over the crossed 
plants. 

Croutd and te>/-feriUued PlanU of tlte Second Omeration , — I 
determined on this occasion to avoid the error of using pollen of 
not quite equal maturity for crossing and self-fertilisation ; so 
that I sqnee^ pollen out of the ooqjoined anthers of young 
flowers for both operations. Several flowers on the crossed plant 
in Pot I. in Table LXX. were again crossed with pollen from a 
distinct plant. Several other flowers on the aelf-fertilise<l plant 
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in the same pot were again oelf-fertilised with pollen from the 
anthers of other flowers on the tame plant. Therefore the degree 
of self-fertilisation was not quite so close as in the Inst genera- 
tion, in which pollen from the same flower, kept in paper, was 
used. These two lots of seeds were thinly sown on opposite 
sides of nine pots; and the young seedlings were thinned, an 
equal numlier of nearly os possihlo the same age being left on 
the two sides. In the spring of the following year (1870), when 
the seedlings had grown to a considerahle size, they were 
measured to the tips of their learee ; and tho twenty-three 
crossed plants arcraged 14 M inches in height, whilst the twenty- 
throe self-fertilised seedlings were 13'51 inches; or os 100 to 96. 

In the summer of tho same year scTcral of these plants 
flowered, Uio crossed and self-fertilised plants flowering almost 
simultaneously, and all the flower-stems were measured. Those 
produced by eleven of the crossed plants avemged 30 ‘71 inches, 
and those by nine of the self-fertilised plants 29'43 inches in 
height; or as 100 to 96. 

The plants in these nine pots, after they had flowered, were 
repotted without being disturbed in much larger pots ; and in 
the following year, 1871, all flowered freely; but they had 
grown into ^nch an entangled mass, that tho separate plants 
on each side could no longer be distinguished. Aocor^ngly 
three or four of the tallest flower-stems on each side of each 
pot were measured; and tho measurements in tho preceding 
table are, I think, more trustworthy than tho previons ones, 
from being more numerous, and from tho plants being well 
established and growing vigorously. 

Tho average height of the thirty-four tallest flower-stems on 
the twenty-three crossed plants is 29 '82 inches, and that of tho 
same number of flower-stems on the same nnrober of self- 
fertilised plants is 27' 10 inches; or as 100 to 91. So that the 
crossed plimts now showed a decided advantage over their self- 
fertilised opponents. 



XXIL POLEMONIACEiE.— Nmophila isbionis. 

Twelve flowrers wore crossed with pollen from a distinct plant, 
but produced only six capsules, containing on an average 18 '3 
seeds. Eighteen flowers were fertilised with their own pollen 
and produced ten capsules, containing on an average 12 '7 
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seeds ; so that the seeds per capsule were as 100 to 69.* The 
crossed seeds weighed a little less than an equal number of self- 
fertilised seeds, in the proportion of 100 to 105 ; but this was 
clearly duo to some of the self-fertilised capsules containing very 
few seeds, and these were much bulkier than the others, from 
having been better nourished. A subsequent comparison of the 
nmnber of seeds in a few capsules did not show so great a 
superiority on the side of the crossed capsules as in the present 

The seals were placed on sand, and after germinating were 
planted in pairs on the opposite sides of five pots, which were 
kept in the greenhouse. When the seedlings were from 2 to 
3 inches in height, most of the crossed had a slight advantage 
over the self-fertilised. The plants were trained up sticks, and 
thus grew to a considerable height In four out of the five 
pots a crossed plant flowered before anyone of the self-fertilisaL 



Tablb LXXIL 

XemophSa intigna ; 0 meant that the plant dial. 




* Several species of Polemo- 
niaoun are known to be proter- 
androus, but I did not atirad to 
this point in Nemophila. Verlot 



says (* Des Varidtes,’ 1865, p. 00) 
that varieties growing near one 
another spontaneously intercross. 
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The plants were first measured to the tips of their leares, before 
tliey hod flowered and when the cros^ were nnder a foot 
in Iieight The twelre crossed plants arcraged 11 ’1 inches in 
height, whilst the twelve self-fertilised were less than half of this 
height, viz., 6‘45 ; or as 100 to 49. Before the plants had grown 
to their full height, two of the self-fertilised died, and as I feared 
that this might happen with others, they were again measured 
to the tops of their stems, as shown in the preceding table. 

The twelve crossed plants now averaged 83 • 28, and the ten self- 
fertiUsed 19'9 inches in height, or as 100 to GO; so that they 
dificred somewhat less than before. 

The plants in Pots 111. and V. were placed under a net in the 
greenhonse, two of the crossed plants in the latter pot being 
palled np on account of the death of two of the self-fertilised ; 
so that altogether six crossed and six self-fertilised plants were 
left to fertilise themselves spontaneously. The pots were rather 
small, and the plants did not produce many capsules. The 
small size of the self-fertilised plants will largely account for 
the fewness of the capsules which they produced. The six crossed 
plants boro 105, and the six self-fertilised osily 80 capsules ; eras 
100 to 29. 

The self-fertilised seeds thus obtained from the crossed and 
self-fertilised plants, after germinating on sand, were planted 



Table LXXm. 
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on the opposite sides of four small pots, and treated as before. 
But many of the plants were unhealthy, and their heights were so 
nnequal — some on both sides being fire times as tall as the others 
—that the averages deduced from the measurements in the pre- 
ceding table are not in the least trustworthy. Nevertheless I 
have felt bound to give them, as they are opposed to my general 
oonclusion.s. 

The seven self-fertilised plants from the crossed plants hero 
average 15 '73, and the seven self-fertilised from the self-fertilised 
21 inches in height ; or as 100 to 133. Strictly analogons experi- 
ments with Viola tricolor and LoUiyrut odoratus gave a very 
different result 



XXIII. BORAGINACEiE.— B oraoo officinalis. 

This plant is frequented by a greater number of bees than 
almost any other one which 1 have observed. It is strongly 
pFoterandroas (H. Muller, ‘ Befruchtnng,’ Ike., p. 2G7), and the 
flowers can hardly fail to be cross-ferfflised ; but should this 
not occur, they are capable of self-fertilisation to a limited 
extent, as some pollen long remains witliin the anthers, and is 
apt to fell on the mature stigma. In the year 1863 I covered 
up a plant, and examined thirty-five flowers, of which only 
twelve yielded any seeds ; whereas of thirty-five flowers on an 
exposed plant growing close by, all with the exception of two 
yielded seeds. The covered-np plant, however, produced alto- 
gether twenty-five sixintaneonsly self-fertilised see^; the exposed 
plant producing fifty-five seeds, the product, no donbt, of cross- 
fertilisation. 

In the year 1868 eighteen flowers on a protected plant were 
crossed with pollen from a distinct plant, bat only seven of these 
prodncetl frnit ; and I suspect that I applied pollen to many of 
the stigmas before they were mature. Those fruits contained 
on an average 2 seeds, with a maximum in one of three seeds. 
Twenty-four spontaneously self-fortilisod fruits wore produced 
by the same plant, and these contained on an averagp 1'2 seeds, 
with a maximum of two in one fmit So that the frnits from 
the artificially crossed flowers yielded seeds compared with those 
from the spontaneously self-fertilised flowers, in the ratio of 100 
to 60. But the self-fertilised seeds, as often occurs when few 
are produced, were heavier than the crossed seeds in the ratio of 
100 to 90. 
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Those two lots of seeds were sown on opposite sides of two 
largo pots ; but I succeeded in raising only four pairs of equal 
age. When the seedlings on both sides were about 8 inches 
in height they were equal. When in full flower they were 
measured, as follows : — 



Tablb LXXIV. 
Borago officinalit. 




The average height of the four crossed plants is here 20 • 68, and 
that of the four self-fertilised 21 '18 inches; or as 100 to 102. 
The self-fertilised plants thus exceeded the crossed in height by 
a little ; but this was entirely due to the tallness of one of the 
self-fertilised. The crossed plants in both pots flowered before 
the self-fertilised. Therefore I believe if more plants had been 
raised, the result would have been different. 1 regret that I did 
not attend to the fertility of the two lots. 

XXTV. NOLANACEiE. — Kolama pbostbata. 

In some of the flowers the stamens are considerably shorter 
than the pistil, in others equal to it in length. I snspected, 
therefore, but erroneously as it proved, that this plant was 
dimorphic, like Primula, Linum,&c.,and in the year 1862 twelve 
plants, covered by a net in the greenhouse, were subjected to 
trial. The. spontaneously self-fertilised flowers yielded 64 grains 
weight of seeds, but the product of fourteen artificially crossed 
flowers is here included, which falsely increases the weight of 
the self-fertilise<l seeds. Nine uncovered plants, the flowers of 
which were eagerly visited by bees for their pollen and were no 
doubt intercrossed by them, produced 79 grains weight of seeds: 
therefore twelve plants thus treated would have yielded 105 
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graias. Thus the seeds produced by the flowers on an equal 
nnmbcr of plants, when croesed by bc^, and s]x}utaneously self- 
fertilised (the product of fourteen artiflcially crossed flowers 
being, however, included in tbe latter) were in weight as 
lOU to 61. 

In the summer of 1867 the trial was repeated ; thirty flowers 
were crossed with pollen from a distinct plant and produced 
twenty-seven capsules, each containing five seeds. Thirty-two 
flowers were fertilised with their own pollen, and prodneed only 
six capsules, each with five seeds. So that the crossed and self- 
fertilised capsules contained the same number of seeds, though 
many more capsules wore prodneed by the cross-fertilised than 
hy the self-fertilised flowers, in the ratio of 100 to 21. 

An equal number of seeds of both lots wore weighed, and the 
cros8c<l seeds were to the self-fertilised in weight as 100 to 82. 
Therefore a cross increases the number of capsnles produced and 
tbe weight of the seeds, but not the numter of seeds in each 
capsule. 

These two lots of seeds, after germinating on sand, were 
planted on tho opposite sides of throe pots. The seedlings 
when from 6 to 7 inches in height wore equal. The plants 
were measured when fully grown, but their heights were so 
unequal in the several pots, that the result cannot be fully 
tmstc<L 

Tablb LXXV. 



Nolana prottrata. 



NaofPol. 1 


Crourd PUnU. 


Mr-fetUlliad Pluita. 


L 


Incbn. 

81 

«1 


I iDcbea. 

! !! 


II. ^ j 


101 






18 


1 18 


III. 1 


20| 


22| 


Total in inchaa. 


63.75 


67-00 



Tho five crossed plants average 12 75, and the five self- 
fertilised 13 '4 inches in height; or as 100 to 105. 
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CHAFTEK YI. 

SOLASACU, PBIHULACEil, PoLYOOSM, HTC. 

Petunia violacea, croaeed and •elf-fertilised plants compared for four 
generations — Effects of a cross witli a fresh stock —Uniform colour 
of the flowers on the self-fertilised plants of the fourth generation 
—Nicotians tabacum, crossed and seif-fertilised plants of equal 
height— Oreat effects of a cross witli a distinct sub-variety on the 
height, but not on the fertility, of the offspring— Oyolamen per- 
sicum. ocossed seedlings greatly superior to the self-fertilised — 
AnagallU ooUina— Primula veris— Equsl-styled variety of Primula 
veris, fertility of, greatly increased by a cross with a fresh stock — 
Fagopyrum esculentnm— Beta vulgaris— Canna warscewiezi, crossed 
anil self-fertilised planU of equal height— Zea mays- Phalaris 
canariensis. 

XXV. SOLANACEiE.— PiTcsiA violacea. 

Dingy purple tariefy. 

The flowers of this plant are so seldom visited during the day 
by insects in this country, that I have never seen an instance ; 
but my gardener, on whom I can rely, once saw some humble- 
bees at work. Mr. Meehan says,* that in the United States 
bees bore through the corolla for the nectar, and adds that their 
" fertilisation is carried on by nightrmoths.” 

In Fiance M. Naudin, after castrating a large number of flowers 
whilst in bud, left them exposed to the visits Of insects, and 
about a quarter produced capsules ;t but I am convinced that 
a much larger proportion of flowers in my. garden are cross- 
fertilised by insects, for protected flpwers with their own pollen 
placed on the stigma never yielded nearly a full complement of 
seed ; whilst those left uncovered produced fine capsules, showing 
that pollen from other plants must have been brought to them, 
probably by moths. Plants growing vigorously and flowering in 
pots in the green-house, never yielded a single capsule; and 

* ‘Proc. Acad. Nat. So. of Phil- t ‘Annalos dcs 8c. Nat.’ 4tU 

adclphia,’ Aug. 2nd, 1870, p. 90. series. Dot. tom. U. cah. S. 
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this may be attributed, at louat in chief part, to the exclusion 
of moths. 

Six flowers on a plant covered by a not were crossed with 
pollen from a distinct plant and produced six capsules, oontaininf; 
by weight 4 '44 grains of seed. Six other flowers were fertilised 
with their own pollen and produced only three capsules, con- 
taining only 1-49 grains weight of seed. From this it follows 
that an equal number of cross^ and self-fertilisod capsules would 
have contained seeds by weight as 100 to 67. I should not have 
thought the proportional contents of so few capsules worth 
giving, had not nearly the same result been confirmed by several 
subsequent trials. 

Seeds of the two lots were placed on sand, and many of the 
self-fertilised seeds germinated before the crossed, and were 
rejected. Several pairs in an equal state of germination were 
planted on the opposite sides of Pots I. and II. ; but only the 
tallest plant on each side was measured. Seeds were also sown 
thickly on the two sides of a large pot (HI.), the seedlings being 
afterwards thinned, so that an equal number was left on each 
side ; the three tallest on each side being measured. The pots 
were kept in the greenhouse, and the plants were trained up 
sticks. For some time the young crossed plants had no ad- 
vantage in height over the self-fertilised; but their leaves 
were larger. When fully grown and in flower the plants were 
measured, as follows ; — 

Table LXXVI. 

Petunia vidacea (Pirst (renerafion). 




The five tallest crossed plants here average 30 '8, and the five 
tallest self-fertilisod 26 inches in height, or os 100 to 84. 
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Three capsules were obtained by crossing flowers on the 
above crossed plants, and three other capsules by again self- 
fertilising dowers on the self-fertilised plants. One of the latter 
capsules appeared as fine as any one of the crossed capsules; 
but the other two contained many imperfect seeds. From these 
two lots of seeds the plants of the following generation wore 
raised. 

Ctvued andteI/^ertiliM<l Plant! of the Second Generation.— As in 
the last generation, many of the self-fertilised seeds germinated 
before the crosseil. 

Seeds in an equal state of germination were planted on the 
opposite sides of three pots. The crossed seedlings soon greatly 
exceeded in height the self-fertilised. In Pot I., when the tallest 
crossed plant was lOJ inches high, the tallest self-fertilised was 
only 31 inches ; in Pot II. the excess in height of the crossed was 
not quite so great. The plants wore treated as in the last gene- 
ration, and when fully grown measured as before. In Pot ILL 
both the crossed plants were killed at an early age by some 
animal, so that the self-fertilised had no competitors. Neverthe- 
less those two self-fertilised plants were measured, and are in- 
cluded in the following table. The crossed plants flowered long 
before their self-fertilised opponents in Pots L and II., and before 
those growing separately in Pot IIL 



Table LXXVIL 

Petunia violacea (Second Generation). 



No. of Pot. 




8elf-r*rtm«d Plant*. 






Incbea. 


L 






11. 








-J4 


28 


IIL 


0 


1 46J 




0 


1 28J 


Total in inchu. 


162-0 


157-5 



The four crossed plants average 40-5, and the six self-fer- 
tilised 26-25 inches in height; or as 100 to 65. But this great 
inequality is in part accidental, owing to some of the sclf- 
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fertilised piants being verj- short, and to one of the crossed being 
very tail. 

Twelve flowers on these crossed plants wore again crossed, and 
eleven capsules were produced ; of these, five were poor and six 
good; the latter contained by weiglit 3’75 grains of seeds. 
Twelve flowers on the seif-fertilised plants were again fertilised 
with their own pollen and produced no less than twelve capsules, 
and the six finest of these contained by weight 2-57 grains of 
seeds. It should however be observed that these latter capsules 
were produced by the plants in Pot in., which were not exposed 
to any 4j<OTpeUUon. The seeds in the six fine crossed capsules 
to those in the six finest self-fertilised capsules were in weight 
as 100 to 68. From these seeds the plants of the next generation 
were raised. 

Croued arid ttlf-fertUited I'lanU of the Third Generation.— Tbe 
above seeds were placed on sand, and after germinating were 
planted in pairs on the opposite sides of four pots; and all the 
remaining seeds were thickly sown on the two sides of a fifth large 
pot. Tlie result was surprising, for the self-fertilised seedlings 
very early in life beat the crossed, and at one time were nearly 
double their height. At first tlie cose appeared like that of 
Mimuhw, in which after the third generation a tall and highly 
•elf-fertile variety appeared. But as in the two succeeding 
generations the crossed plants resumed their former superiority 
over the self-fertilised, the case must be looked at as an anomaly. 
The solo conjecture which I can form is that the crossed seeds 



Table LXXVIII. 

Petunia violaeea (.Third Generation ; plant* very young). 



NaoTFbi. 


Crowd PlonU. Solf-fortlllMd Plasu. 


'• 


Incheo. Indvo. 

11 5f 

1 ^1 


11. 




^ , 


1 ♦ 1 *1 


IV. __ 1 


I| 1 5i 


Total in inches. | 


19-63 ' 36-50 
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had not been suESciently ripened, and thua produced weakly 
planta, as occurred with Iberia. When the croaaed planta were 
between 3 and 4 inebea in height, the aix finest in four of the 
pots were measured to the summits of their stems, and at the 
same time the six finest of the self-fertilised plants. The 
measurements are giren in the preceding table (LXXVIII.), and 
it may be here seen that all the self-fertilised plants exceed their 
opponents in height, wliortas when subsequently measured the 
excess of the self-fertilised depended chiefly on the unusual tall- 
ness of two of the planta in Pot IL The croaaed plants here 
average 3-37, and the self-fertilised 6-06 inches in height; or 
as 100 to 186. 

When fully grown they were again measured, as follows 



Table LXXIX. 

fetunia nolaeaa {Third Otneratian ,- jHantt fully grown). 



x«.irnut. 


Ct«aa4FlMi». 


SdMitttIM n>M. 




lackoa 




L 


4ti ; 


[ 




48 


39 




36 


48 


IL 


36 


47 




21 


801 




36| 


eel 


III. 


53 


46 


IV. 


67 


43f 


Total ia iackat. ‘ 


327-75 


431-00 



The eight crossed plants now averaged 40-96, and the eight 
self-fertilised planto 53-87 inches in height, or as 100 to 131 ; and 
this excess chiefly depended, os already stated, on the luiusual 
tallness of two of the self-fertilised plants in Pot II. The self- 
fertilised had therefore lost some of their former great superiority 
over the crossed plants. In tliree of the pots the self-fertilised 
plants flowered first ; but in Pot IIL at the same time with 
the crossed. 

The case is rendered the more strange, because the crossed 
plants in the fifth pot (not included in the two lost tables), in 
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which all the remaining seeds had been thickly sown, were from 
the first finer plants than the solf-fcrtiliaod, and had larger 
leaTen. At the period when the two tallest crossed plants In 
this pot were 6| and 4] inches high, the two tallest self-fertilised 
were only 4 inches. When the two crossed plants were 12 and 
10 inches high, the two self-fertilised were only 8 inches. These 
latter plants, as well as many others on the same side of this pot 
never grew any higher, whereas several of the crossed plants 
^w to the height of two feet! On account of this great 
snperiority of the crossed plants, the plants on neither side of 
this pot have been included in the two last tables. 

Thhrty flowers on the crossed plants in Pots I. and IV. (Table 
LXXIX.) were again crossed, and produced seventeen capsules. 
Thirty flowers on the self-fertilised plants in the same two pots 
were again self-fertilised, but produced only seven capsules. 
The contents of each capsule of both lots were placed in separate 
watch-glasses, and the seeds from the crossed appeared to the 
eye to bo at least double the number of those from the self- 
fertilised capsules. 

In order to ascertain whether the fertility of the self-fertilised 
plants had been lessened by the plants having been self-ferti- 
lised for the three previous generations, thirty flowers on the 
crossed plants were fertilised with their own pollen. Tlicst! 
yielded only five capsules, and their seeds being placed in 
separate watch-glasses did not seem more numerous than those 
from the capsules on the self-fertilised plants self-fertilised for 
the fourth time. 8o that as far as can lie judged from so few 
capsules, the self-fertility of the self-fertilised plants had not 
decreased in comparison with that of the plants which had 
been intercrossed during the three previous generations. It 
abould, however, be remembered that both lots of plants 
had been subjected in each generation to almost exactly similar 
eaoditions. 

Seeds from the crossed plants again crossed, and from the solf- 
fertilisod again self-fertilised, produced by the jilants in Pot I. 
(Table LXXIX.), in which the three self-fertilised plants were 
on an average only a little taller than the crossed, were used in 
the following experiment They were kept separate from two 
similar lots of seeds produood by the two plants in Pot IV. in 
the same table, in which the crossed plant was much taller than 
its self-fertilised opponent. 

Cnued and tel/-/ertitiud Plant* cf the Fourth (JeiuratUm 
O 
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(raittd fmm t!ie PlatUt in Pot TaUe LXXIX.). — Crossed and 

self-fertiliaod seeds from plants of the last generation in Pot I., 
in Table LXXIX, were placed on sand, and after germinating, 
were planted in pairs on the opposite sides of fonr pots. The 
seedlings when in full flower were measured to the base of the 
calyx. The remaining seeds were sown crowded on the two 
sides of Pot V. ; and the four tallest plants on each side of this 
pot were measured in the same manner. 

Tabus LXXX 

Petunia vMaeea (Fourth Generation ; raited from Plante the 
■ Third Generation tn Pot /., TaUe LXXIX.). 




The fifteen crossed plants average 46-79, and the fourteen 
(one having died) self-fertilised plants S2'39 inches in height ; or 
as 100 to 69. So that the crossed plants in this generation b«d 
recovered their wonted superiority over the self-fertilised plants; 
though the parents of the latter in Pot L, Table LXXIX. were a 
little taller than their crossed opponents. 

Croued and eel/-/ertitited Plante (/ the Fourth Generation 
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(railed from ihi PlanU in Pot /K„ iii TaiU lXXrX.).-1wo 
■iiniUr lota of aeeda, obtained Atom the pUnta in Pot IT. in 
Table LXXnL, in which the ainRle eroaaed plant waa at 
flnt aborier, hat nltimatelT mnch teller than Ha adf-fertiliaed 
opponent, wen treated in ererjr way like their brethnn of the 
lame generation in the last experiment We hare in the follow* 
Ing Table LXXXL the monsuremente of the present plants. 
Althongh the crossed plants greatly exceeded in height the aelf- 
fartiliaed ; yet in three oat of the Are pots a selMertiliaed plant 
llowereii hefare any one of the eroaa ed ; in a foorth pot ainml- 
teneoasly ; and in a fifth (ris.. Pot IL) a erosaed plant flowered 



Tablx LXXXI. 

Petunia violaeea (Fourth Oeneration ; railed from Plant! the 
Third Oeneration in Pot IV., TMe LXXIX.). 




The thirteen creased plants ben arerage 44‘74, and the 
teirteen adf-fertilised planta afi'87 inches in height; or as 100 
to fiO. The crossed parents of these plants wen mnch teller, 
rslatiTcly to the self-fertilised paronta, than in the last case ; and 
apparently they transmitted some of this saperiority to their 
o 2 
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croHRod offspring. It is unfortunate that I did not turn ihoso 
plants out of doors, so as to observe their relative fertility, for 1 
compared the pollen from some of the crossed and self-fertilised 
plants in Pot L, Table LXXXI., and there was a marked dif- 
ference in its state ; that of the crossed plants contained hardly 
any bod and empty grains, whilst such abounded in the pollen 
of the self-fertilised plants. 

Tht Kfftctt of a Crou with a /nth Slock.— 1 procured from a 
garden in Westerhom, whence my plants originally came, a 
fresh plant differing in no respect from mine except in the 
colour of the flowers, which was a fine purple. But this plant 
miuit have been exposed during at least four generations to very 
different conditions from those to which my plants had been 
subjected, as these had been grown in pots in the green- 
house. Eight flowers on tlie self-fertilised plants in Table 
LXXXI., of the last or fourth self-fertilised generation, were 
fertilised with pollen from this frwh stock ; all eight produced 
capsules containing together by weight 5*UI grains of seeds. 
The plants raised from these seeds may be called the Il'nterAum- 

Eight flowers on the crossed plants of the lost or fourth genora- 
tiou in Table LXXXI. were again crossed with pollen from one 
of the other crossed plants, and produced five capsules, contain- 
ing by weight 2 07 grains of seeds. The plants raised from 
these seeds may be called the intererotted ; and these form the 
fifth intercrossed generation. 

Eight flowers on the self-fertilised plants of the same genera- 
tion in Table LXXXI. woro again self-fertilised, and produced 
seven capsules, containing by weight 2*1 grains of seeds. The 
mlf-fertilital plants raised from these see^ form the fifth self- 
fertilised generation. These latter plants and the intercrossed 
are comparable in all respects with the crossed and self-fertilised 
plants of the four previous generations. 

From the foregoing data it is easy to calculate that, 

, Qt. Weight 

of Sftd. 

Ten Westerham-crossed capsules would have contained 6 '26 
Ten intercrossed capsules would have contained . . 4 • 14 

Ten solf-fertilisod capsules would have contained . 3 '00 

We thus got the following ratios:— 
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See<lH fmm tbo Westerbam-crossed capsules to 
those from tbe capsules of the fifth self-foi^ 



tilised generation, in weight, . . .as 100 to 48 

Seeds from the Westerham-crossed capsules to 
those from tbe capsules of the fifth intercrossed 

generation, as 100 to CG 

Seeds from the intercrossed to those from the 
self-fertilised capsules, .... as 100 to 72 



So that a cross with pollen from a fresh stock greatly increased 
the prodnetiTeness of the flowers on plants which had been self- 
fertilised for tbe four preTions generations, in comparison not 
only with the flowers on tbo some plants self-fertilised for the fifth 
time, but with the flowers on the crossed plants crossed with 
pollen from another plant of the same old stock for the fifth 
time. 

These three lots of seeds were placed on sand, and were 
planted in an equal state of germination in seren pots, each made 
tripartite by throe superficial partitions. Some of the remaining 
seeds, whether or not in a state of germination, were thickly 
sown in an eighth pot. The pots were kept in the greenhouse, 
and tho plants trained up sticks. They were first measured to 
the tope of their stems when coming into flower ; and the twenty- 
two Westerham-crossed plants then aTcraged 25*51 inches; the 
twenty-tliree intercrossed plants 30*88; and the twenty-throe 
■elf-fertilised plants 23*40 inches in height We thus get the 
following ratios:— 

Tho Wostcrliam-croescd plants in height to tho 

■elf-fertilised as 100 to 91 

Tho Westerham-crossed plants in height to tho 

intercrossed as 100 to 119 

Tho intercrossed plants in height to the solf- 
fertilisod as 100 to 77 

These plants were again measured when their growth appeared 
on a casual inspection to be complete. But in this 1 was mis- 
taken, for after catting them down, I found that the summits 
of the stems of the Westerham-crossed plants were still growing 
vigorously; whilst the intercrossed had almost, and tbe self- 
fertilised liad quite completed their growth. Therefore 1 do 
not doubt, if the three lots had been left to grow for another 
month, that the ratios would have been somewhat dificrent 
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from those deduced from the meosuremeuts in the following 
table 

Table LXXXIL 

Petunia vioUteea. 



No.ofPoi. 


Plutt (fhn 8Hf- 
fertlllMd PlMts of 
Foarth Ommtioo 
enmti tff a frmb 
Slock). 


IfUfrcroMcd PUatc ! 
(FUQUoTooecDd 
the Mine Stock 

fit* OeDcntknM> 


SeU^tilMPUnte 
(wlMei%Utsed for 
nve OenmOons). 


I. 


IndM. 

64i 

24 

51t 


Inches. 

^el* 

58] 


1 

561 

31] 


• u. 


481 

54j 

58l 


591 


41 ( 
4ii 
18| 


III. 


ii 


6l| 


1 


IV. 


Isj 


•!i 


371 

33| 

32| 


V. 


431 

53{ 

53| 


il 




VI. 


61* 


1 ^ 






0 




_Jl\_ 


VII. 


59] 


51 


43 




431 


♦9f 






50| 




1 0 


VIII. 


371 


38] 


21] 


Crowded. 


87| 


44| 


uj 


Total in inchea. 


1051-25 


1190-50 


697-88 



The twent)--one Westcrham-ciossod plants now averaged 50'06 
inches; the twenty-two intercrossed plants. 5411 inches; and 
the twenty-one self-fertilised plants, 83'23 inches in height We 
thus got the following ratios:— 
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The Westcrhom-crossed plants in height to the 

aelf-fertiUsed as 100 to 06 

The Westerham-crossed plants in height to the 

intercrossed as 100 to 108 

The intercrossed plants in height to the self- 
fertilised as 100 to 61 

We here see that the Westerham-crosscd (the ofiEspring of 
plants self-fertilisM for four generations and then crossed with a 
fresh stock) hare gained greatly in height, since they were Orst 
measored, relatively to the plants self-fertilised for five genera- 
tions. They were then as 100 to 91, and now as 100 to 66 in 
height. The intercrossed plants (Le., those which had been in- 
tercrossed for the last 6ve generations) likewise exceed in 
height the self-fertilised plants, as occurred in all the previous 
generations with the exception of the abnormal plants of the' 
third generation. On the other hand, the Westerham-crossed 
plants are exceeded in height by the intercrossed ; and this is a 
surprising fact, judging from most of the other strictly analogous 
cases. But as the Westerham-crossed plants were still growing 
vigorously, while the intercrossed had almost ceased to grow, 
there can hardly be a doubt that if left to grow for another 
month they would have beaten the intercrossed in he^ht Tliat 
they were gaining on them is clear, as when measured before they 
were as 100 to 119, and now as only 100 to 108 in height The 
Westerham-cro.ssed plants had also leaves of a darker green, and 
looked altogether more vigorous than the intercrossed ; and what 
is much more important, they produced, as wo shall presently 
see, much heavier seed-capsules. So that in fact the o&pring 
from the self-fertilised plants of the fourth generation cross^ by 
a fresh stock were snperior to the intercrossed, as well as to the 
self-fertilised plants of the 6fth generation — of which latter fact 
there could not be the least doubt. 

These throe lots of plants were cut down close to the ground 
and weighed. The twenty-one Westerham-crossed plants weighed 
32 ounces ; the twenty-two intercrossed plants, 34 ounces, and the 
twenty-one self-fertilised plants 71 ounces. The following ratios 
are calculated for an equal number of plants of each kind. But 
as the self-fertilised plants were just banning to wither, their 
relative weight is here slightly too small; and as the Westerham- 
crossed were still growing vigorously, their relative weight 
with time allowed would no doubt liave greatly increased. 
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The ^VestcrhaIn-cro8scd plants in weight to 

the self-fertilised as 100 to 22 

The Westerham-croeaed plants in weight to 

the intercrossed as 100 to 101 

The intercrossed plants in weight to the self- 
fertilised ...... as 100 to 22'8 



Wo here see, judging by weight instead of as before by height, 
that the Westerham-crossed and the intercrossed have an 
iuunense advantage over the self-fertilised. The Westerham- 
crossed ore inferior to the intercrossed by a mere trifle ; but it is 
almost certain that if they had been allowed to go on growing for 
another month, the former would have completely beaten the 
latter. 

As I had an abundance of seeds of the same three lots, from 
which the foregoing plants had been raised, these were sown in 
three long parallel and adjoining rows in the open ground, so as to 
ascertain whether under these circumstances the results would be 
nearly the same as before. Late in the autumn (Nov. 13) the ten 
tallest plants were carefully selected out of each row, and their 
heights measured, with the following result 



Tablk Lxxxm. 

I'etunia violacea (j>lanU growing in the open groitnit). 
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The ten Wosterham-crossed plants here arerago 36-C7 inches 
in height ; the ten intercrossed plants, 33*27 inches ; and the ton 
self-fertilised, 23*31 inches. These three lots of plants were also 
weighed ; the Westerham-crossed plants weighed 28 ounces; the 
hitercrossol, 41 ounces; and the self-fertilised, 14*75 ounces. 
We thus get the following ratios : — 



The Westerham-crossed plants in height to the 
self-fertilised ...... as 100 to 63 

The Westerham-crossed plants in weight to the 
self-fertilised ...... as 100 to 53 

The Westerham-crossed plants in height to the 

intercrassc*! as 100 to 104 

The Westerham-crossed plants in weight to the 

intercrossc<l as 100 to 146 

The intercrossed plants in height to the self- 

tertilised as 100 to 61 

The intercrossed plants in weight to the self- 
fertilised as 100 to 36 



Here the relative heights of the three lots are nearly the same 
(within three or four per cent.) as with the plants in the pots. 
In weight there is a much greater difference ; the Wosterham- 
etoesed exceed the self-fertilised by much less than they did 
before; but the self-fertilised plants in the pots had become 
slightly witberetl, as before stated, and were in consequence 
unfairly light. The Westerham-crossed plants are hero inferior 
in weight to the intcrcrossc<l plants in a much higher degree 
than in the |iots ; and this appeared dne to their being much 
less branched, owing to their having germinated in greater 
nnmlxirs and consequently being much crowded. Their leaves 
were of a brighter green than those of the intercrossed and 
self-fertilised plants. 

Htlatiw Fertility the Three Loteqf 1‘iante . — None of the plants 
in pots in the greenhouse ever produced a capsule; and this may* 
be attributed in chief part to the exclusion of moths. There- 
fore the fertility of the three lots could be judged of only by that 
of the planbt growing out of doors, which from being left 
nncovcriHl wore jirobably cross-fertilised. The plants in the 
three rows wore exactly of the same ago and had been subjected 
to closely similar conditions, so that any difference in their fer- 
tility most be attributed to their different origin ; namely, to the 
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one lot being derived from plants self-fertilisetl for four gcncra- 
tiona and then crossed with a fresh stock ; to the second lot l>eing 
derived from plants of the same old stock intcrcronied for five 
generations ; and to the third lot being derived from plants self- 
fertilised for five generations. All the capsules, some nearly 
mature and some only half-grown, were gathered, counted, and 
weighed from the ton finest plants in each of the three rows, of 
which the measurements and weights have already Ijeen given. 
The intercrossed plants, as we have seen, were taller and con- 
siderably heavier than the plants of the other two lots, and they 
produced a greater numt«r of capsules than did even the 
Wosterham-crossed plants ; and this may be attributed to the 
latter having grown more crowded and being in consequence less 
branched. Therefore the average weight of an equal number of 
capsules from each lot of plants seems to be the fairest standard 
of comparison, as their weights will have been determined chiefly 
by the numtier of the included seeds. As the intercioned plants 
were taller and heavier than the plants of the other two lots, it 
might have been expected that they would have producedthe 
or heaviest capsules ; but this was very far from being the case. 

The ten tallest Wcsterham-crossod plants produced 111 ripe 
and unripe capsules, weighing 121 2 grains. Therefore 100 of 
such capsules would have weighed 109 '18 grains. 

The ten tallest intercrossed plants produced 129 capsules, 
weighing 76 '45 grains. Therefore 100 of these capsules would 
have weighed 59'26 grains. 

The ten tallest self-fertilised plants produced only 44 capsules, 
weighing 22 '85 grains. Therefore 100 of these capsules would 
have weighed 50 '79 grains. 

From these daU we get the following ratios for the fertility of 
the three lots, as dedu<^ from the relative weights of an equal 
number of capsules from the finest plants in each lot: — 

Westerham-crossed plants to self-fertilised 

planU as 100 to 46 

W'osterham-croascd plants to intercrossed plants as 100 to 54 
Intercrossed plants to self-fertilised plants as 100 to 86 

We here see how potent the influence of a cross with pollen 
from a fresh stock has been on the fertility of plants self-fertilised 
for four generations, in comparison with plants of the old stock 
when either intercrossed or self-fertilised for five generations; the 
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flower* on all the«e planu haring been left to be freely croaaed 
by inaects or to fertilue tbenwelrea. The Westcrhani-cioaaed 
plant* were also moeb taller and bearier pbuita than the lelf- 
fertilised, both in the pot* and open gronnd ; Imt they were leM 
tall ami heavy than the intercroeeed plants. This latter resnit, 
boweror, would almost certainly hare liecn rorenod, if tho 
plant* had been allowed to grew for another month, as tho 
Wosterham-crotwtd were still growing rigorously, whilst the 
intercrussed had almost ceased to grow. This case reminds ns of 
the somewhat analogous one of Esehseboltzia, in which plants 
raised &om a cross with a fresh stork did not grow higher than 
the self-fertilised or intercrossed plants, but produced a greater 
nnmlwr of seed-capeules, which rontainod a far larger aromgo 
numlwr of seeds. 

Colour of tio Flowert ou Ut ahoot TSim lot* ^ f'/on/s.— The 
original mother-plant, bom whirh the fire soocesaire self-fertilised 
geaerstions were raised, bore dingy purple flowers. At no time 
was any selection practised, and the plants were subjected in 
each generation to extremely uniform conditions. The resnit 
was, a* in some previous cases, that the flowers on all the solf- 
fertiliwd plants, both in the pots and open gronnd, were 
absolutely uniform in tint; this being a dull, rather pecniiar 
flesh oolonr. This nniformity was very striking in the long row 
of plants growing in the open gronnd, and thM first attracted 
my attention. I did not notice in which generation the original 
oolonr began to change and to become uniform, bnt I hare every 
reason to believe that the change was gradual. The flowers on 
the intercrossed plants were mostly the same tint, bnt not 
nearly so uniform as those on the self-fertilised plants, ami many of 
them were pale, approaching almost to white. The flowers cm the 
plants from the cross arith the purple-flowered ^Vcsterham stock 
were, as might hare been cxiiected, mnch more pnrple and not 
nearly to nniform in tint The self-fertilised plants were also 
remarkably uniform in height, as judged by the eye; the inter- 
etossed less so, whilst tho Westcrham-croesed plants varied much 
in height. 

KiOOTURA TABACmW. 

This plant offers a enrions case. Out of six trials with crossed 
and self-fertilised plants, lielonging to three snccessire genera- 
tions, in one alone did the crossed show any nuu'knd suixiriority 
in height over the self-fertilised ; in fonr of tho trials they were 
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approximately equal ; and in one (i.e., in the first generation) 
the Bclf-fortilisod plarits were greatly superior to the crossed. 
In no case did the capsules from flowers fertilised with pollen 
from a distinct plant yield many more, and sometimes they yielded 
much fewer se^ than the capsules from self-fertilised flowers. 
But when the flowers of one yariety were crossed with pollen 
from a slightly different variety, which had grown under 
somewhat different conditions,— that is, by a fresh stock,— the 
seedlings derived from this cross exceeded in height and weight 
those from the self-fertilised flowers in an cxtraonlinary degree. 

Twelve flowers on some plants of the common tobacco, raised 
from purchased seeds, were crossed with pollen from a distinct 
plant of the same lot, and these produced ten capsules. Twelve 
flowers on the same plants were fertilised with their own pollen, 
and pnxluced eleven capsules. The seeds in the ten crossed 
capsules weighed 81 '7 grains, whilst those in ten of the self- 
fertilised capsules weighed 47 '67 grains; or as 100 to 150. The 
much greater productiveness of the self-fertilised than of the 
crossed capsules can hardly be attributed to chance, as all the 
capsules of both lots were very fine and healthy ones. 

The seeds were placed on sand, and several iwirs in an equal 
state of germination wore planted on the opposite sides of three 
pots. The remaining seeds were thickly sown on the two sides 
of Pot IV., so that the plants in this pot were much crowded. 
The tallest plant on each side of each pot was measured. W’liilst 
the plants were quite young the four tallest crossed plants 
avemged7'87 inches, and the four tallest self-fertilised 14 '87 
inches in height ; or as 100 to 189. The heights at this ago are 
given in the two left columns of the following table. 

When in full flower the tallest plants on each side were again 
measured (see the two right-hand columns), with the following 
result But I should state that the pots were not large enough, 
and the plants never grew to their proper height The four 
tallest crossed plants now averaged 18 '6, and the four tallest 
self-fertilised plants 32 '75 inches in height; or as 100 to 178. 
In all four pots a self-fertilised plant flowered before any one of 
the crossed. 

In Pot IV., in which the plants were extremely crowded, the 
two lots were at first equal ; and ultimately the tallest crossed 
plant exceeded by a trifle the tallest self-fertilised plant. This 
recalled to my mind an analogous cose in the one generation of 
Petunia, in which the self-fertilised plants were throughout 
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tbeir growth Ullcr than the cmsBed' in all the pota except 
in the crowded one. Accordingly anotlicr trial was made, and 
some of the same cromod and Hclf-fertiliaed aoeds of tobacco 
wore sown thickly on opposite sides of two additional pots ; the 
plants being left to grow up much crowded. When they were 
between 13 and 14 inches in height there was no difference 
between the two sides, nor was there any marked difference 
when the plants had grown as tall as they could ; for in one pot 
the tallest crossed plant was 2C1 inches in height, and exceeded 
by 2 inches the tallest self-fertilised plant, whilst in the other 
pot, the tallest crossed plant was shorter by 31 inches than the 
tallest self-fertilised plant, which was 22 inches in height 
As the plants did not grow to their proper height in the Above 
small pots in Talde LXXXIV., four crossed and four self-fertilised 
plants were raised from the same seed, and were planted in pairs 
on the opposite sides of four very largo pots containing rich soil ; 
so that they wore not exposed to at all severe muturl competition. 
When those plants were in flower I neglected to measure them, 
but record in my notes that all four self-fertilised plants ex- 
ceeded in height the four crossed plants by 2 or 8 inches. We 
have seen that the flowers on theorigiiud or parent-plants which 
wete crossed with pollen from a distinct plant yielded much fewer 
seeds tlian those fertilised witli their own pollen ; and the trial 
just given, as well as that in Table LXXXIV., show us clearly 
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that the plants raised from the crossed seeds were inferior in 
height to those from the self-fertilised seeds ; bnt only when not 
greatly crowded. When crowded and thus subjected to Tery severe 
competition, the crossed and self-fertilised plants were nearly 
equal in height 

Croued and ttlf-feriUUed Plant* the Second Oenerafion . — 
Twelve flowers on the crossed plants of the last generation 
growing in the four large pots just mentioned, wore crossed with 
pollen from a crossed plant growing in one of the other pots ; 
and twelve flowers on the self-fertHised plants were fertilisod 
with their own pollen. All these flowers of both lots pro- 
duced fine capsules. Ten of the crossed capsules contained by 
weight 38'92 grains of seeds, and ten of the self-fertilised 
capsules 37'74 grains ; or as 100 to 97. Some of these seeds in 
an equal state of germination were planted in pairs on the 
opposite sides of five large pots. A g^ many of the crossed 
se^ germinated before the self-fertilised, and were of course 
rejected. The plants thus raised were measured when several 
of them were in full flower. 



Table LXXXV. 

Nieotiana tabacum (Second (Jeneration). 



KO.OTFM. 


CnaMdPUnta. 


SelMertiUMd PUmc 




Inchta. 




I. 


14| 


271 






8| 






56 


II. 


60| 


*7* 




to 


50| 


III. 


571 


87 (A) 




1| 


811(B) 


IV. 


31* 


19 






431 




69 1 




V. 


1 






29| 


3 


Total ia inchei. 


1 511-63 


413-75 
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The thirteen crosaod plante here ayerago 89-85, and the 
thirteen self-fertiliaed plants 81-82 inches in height; or as 100 
to 81. But it would he a very much fairer plan to exclude all 
toe starved plants of only 10 inches and under in height ; and 
in this case the nine remaining crossed plants average 53 -84, 
and the seven remaining self-fertilised plants 61-78 inches in 
height, or as 100 to 96 ; and this difference is so small that the 
crossed and self-fertilised plants may be considered as of equal 
heights. 

In addition to these plants, three crossed plants were planted 
separately in three large pots, and three self-fertilised plants in 
three other large pots, so that they were not exposed to any 
competition ; and now the self-fertilised plants exceeded the 
crossed in height by a little, for the three crowed averaged 55 -91, 
and the three self-fertilised 59-16 inches; or as 100 to 106. 

Orouetl and $el/-/trtili$ed Plant* of the Third Omeration. — As I 
wished to ascertain, 6rstly, whether those self-fertilised plants of 
the last generation, which greatly exceeded in height their crossed 
opponents, would transmit the same tendency to their offispring, 
and secondly, whether they possessed the same sexual constitu- 
tion, I selected for experiment the two self-fertilised plants 
nuirked A and B in Pot UI. in Table LXXXV., as these two 

Tablh LXXXVI. 



Nicotiana tabaeum {Third Generation). 
Seedlinge/rom the Pel/-/trtai*ed Plant A in Pot III., 
Table LXXXV., of the lagt or Second Generation. 
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wore of nearly equal height, and were greatly superior to their 
crossed opponents. Four flowers on each plant were fertilised 
with their own p tllen, and four others on the same plants were 
crossed with pollen from one of the crossed plants growing in 
another pot. This plan diflers from that before followed, in 
which seedlings from crossed plants again crossed, have been 
compared with seedlings from self-fertilised plants again self- 
fertilised. The seeds from tlie crossed and self-fertilised capsules 
of the aliore two plants were placed in separate watch-glasses and 
compared, but were not weighed; and in both cases those from 
the crossed capsules seemed to be rather leas numerous thsn 
those from the self-fertilised capsules. These seeds were planted 
in the usual manner, and the heights of the crossed and self- 
fertilised seedlings, when fully grown, are given in the preceding 
and following table, LXXXVI. and LXXXVII. 

The seven crossed plants in the first of these two tables average 
95'25, and tbe seven self-fertilised 79‘6 inches in height; or as 
100 to 83. In half the pots a croMod plant, and in the other 
half a self-fertilised plant flowered first. 

We now come to the seedlings raised from the other parent- 
plant B. 

Table LXXXVII. 

A'icoliana tubaeum (Third Oeneration). 

Seedlingi from the Sd/-ftrtUieel Plant B in Pot Ilf., 

Table LXXXV., of tite lout or Second Oeneration. 



No. of Pot. 


From 8rlf-»Tmiwd 
C'rJiMd riout. 


8»U:frnllf»4 

li«e^ ^tmilnK <b«* 
Third Wf.frrtlUMwi 
OfoeriUloii. 




IndKS. 


IndiM. 


1. 


87 1 


72 1 




49 


1*1 


It. 


981 


78 




0 


no| 


111. 


99 


1061 




15| 


73| 


IV. 


97 1 


48| 


V. 


48] 


811 




0 


6l| 


Total la iachn. 


495 -ISO 


i 641-75 
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Tho seven crossed plants (for two of them died) here sverafm 
70'78 inches, and the nine self-fertilised plants 71 '3 inches in 
height ; or as 100 to barely 101. In four out of these five pots, 
a self-fertilised plant flowered before any one of the crossed 
plants. So that, difierently from the last case, the self-fertilised 
plants are in some respects slightly superior to tho crossed. 

If we now consider the crossed and self-fertilised plants of tho 
three generations, wo And an extraordinary diversity in their 
relative heights. In the first generation, the crossed plants were 
toferior to the self-fertilised as 100 to 178; and the flowers on 
the original parent-plants which were crossed with pollen &am a 
distinct plant yielded much fewer seeds than the self-fertilised 
flowers, in tho proportion of 100 to 150. But it is a strange fact 
that tho self-fertilised plants, whieh were subjected to very severe 
oompetition with the crossed, had on two occasions no advan- 
tage over them. Tho inferiority of the crossed plants of this first 
generation cannot be attributed to the immaturity of the seeds, 
for I carefully examined them ; nor to tho seeds being diseased 
or in any way injured in some one capsule, for tho contents of 
tho ten crossed capenles were mingled together and a few taken 
by chance for sowing. In tlie second generation the crossed and 
self-fertilised plants were nearly equal in height. In the third 
generation, crossed and self-fertili^ seeds were obtained from 
two plants of the previous generation, and the seedlings raised 
from them differed remarkably in constitution ; the crossed in the 
one case exceeded tho self-fertilised in height in the ratio of 100 
to 83, and in tho other case were almost equal. This difference 
between the two lots, raised at the same time from two plants 
growing in the same pot, and treated in every respect alike, as 
well as the extraordinary superiority of the self-fertilised over 
the erossed plants in the find generation, considered together, 
make me believe that some individuals of the present species 
differ to a certain extent from others in their sexual affinities (to 
use tho term employed by Giirtner), like closely allied species of 
the same genus. Consequently if two plants which thus differ 
are crossed, the seedlings suffer and are beaten by those from 
the self-fortiliscd flowers, in which the sexual elements are of 
the same nature. It is known* that with our domestic animals 

• I have given evidenoo on mestication,’ chap, iviii. 2nd edit, 
this head in my ‘ Variation of vol. ii. p. HO. 

AnimulH and Plants under Du- 
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certain indiyidnals are sexually incompatible, and will not 
produce ofispring, although fertile with other individuala. But 
Kolreuter has recorded a case * which bears more closely on our 
present one, as it shows that in the genus Nicotians the varieties 
differ in their sexual affinities. He experimented on five 
varieties of the common tobacco, and proved that they were 
varieties by showing that they were perfectly fertile when re- 
ciprocally crossed; but one of these varieties, if used either as 
the father or the mother, was more fertile than any of the others 
when crossed with a widely distinct species. S', glulinota. As the 
different varieties thus differ in their sexual affinities, there is 
nothing surprising in the individuals of the same variety differ- 
ing in a like manner to a slight degree. 

Taking the plants of the three generations altogether, the 
crossed show no superiority over the self-fertilised, and I can 
account for this fact only by supposing that with this species, 
which is perfectly self-fertile without insect aid, most of the indi- 
viduals are in the same condition, as those of the same variety 
of the common pea and of a few other exotic plants, which 
have l^n self-fertilised for many generations. In such cases a 
cross between two individuals does no good ; nor does it in any 
case, unless the individuals differ in general constitution, either 
from so-called spontaneous variation, or from their progenitors 
having been subjected to different conditions. I believe that 
this is the true explanation in the present instance, bocanse, as 
wo shall immediately see, the offspring of plants, which did not 
profit at all by being crossed with a plant of the same stock, 
profited to an extraordinary degree by a cross with a slightly 
different sub-variety. 

We Efect$ of a Orom mth a /rah Stodc . — I procured some seed 
of N. tahacum from Kew and raised some plants, which formed 
a shghtly different sut>-variety from my former plants ; os the 
flowers were a shade pinker, the leaves a little more pointed, and 
the plants not quite so tall. Therefore the advantage in height 
which the seedlings gained by this cross cannot be attributed to 
direct inheritance. Two of the plants of the third self-fertilised 
generation, growing in Pots II. and V. in Table LXXXML, 
which exceeded in height their crossed opponents (as did their 
parents in a still higher degree) were fertilised with jiollen 
from the Kew plants, that is, by a fresh stock. The soe<lIing8 

* ‘ Das Gcschlecht der Pflanzen, Zweito Fortsotzung,' 1764, p. .’»5-00. 
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thiM raised may bo callotl the Kew-croeaed. Some other flowen 
on the Mine two plants wore fertilised with their own pollen, 
and the eoedlings thus raised form the fourth self-fertilised 
Reoeration. The crossed capsules produced by the plant in 
Pot II., Table LXXXVII., wore plainly less fine than the self- 
fortilimtl capsules on the some plant. In Pot V. the one finest 
capsule was also a self-fertilised one ; but the seeds produced 
by the two crossed capsules together ezoucdud in number those 
produced by the two self-fertilised capsules on the same plant. 
Therefore as far as the flowers on the parent-plants are oon- 
oemod, a cross with pollen from a fresh stock did little or no 
good ; and I did not expect that the olCipring would have re- 
ceived any benoflt, but in this I was completely mistaken. 

The crossed and eelf-fortilised seeds from the two plants were 
placed on bare sand, and very many of the crossed seeds of both 
sets germinated before the aelf-lertiliaed seeds, and protruded 
their radicles at a quicker rate. Hence many of the cro ss ed 
seeds had to be rejected, befote paita in an eqnal state of germina- 
tion were obtained for planting on the opposite aides of sixteen 
largo pots. The two series of seedlings raised from the parent- 
plants in the two Pots II. and V. were kept separate, and when 
fully grown were measured to the tips of their highest leaves, os 
shown in the following double table. But as then was no uniform 
dflferenoe in height between the crossed and self-fertilised seed- 
lings raised from the two plants, their heights have been addtd 
together in ealenUting the averages, 1 should stete that by the 
accidental fidl of a large bush in the greenhouse, several plants 
in both the aeries wore much iqjurud. These were at once 
meosuroil together with their opponents and afrerwards thrown 
away. The others were led to grow to their full height, and 
wens measure<l when in flower. This accident accounts for the 
small height of tome of the pairs; but as all the pairs, whether 
only partly or fully grown, wen measured at the same time, the 
neasurements an fair. 

The average height of the twenty-six crassod plants in the six- 
teen pots of the two aeries is 63'39, and that of the twenty- 
six a^tertilisud plants is 41-67 inches; or os lUO to 6& The 
superiority of the crossed plants was shown in another way. 
for in every one of the sixteen pots a crossed plant flowered 
before a self-fertilised one, with the exception of Pot VI. of the 
secoiHl eeries, in which the planU on the two sides flowered 
shnnltaneoosly. 

p 2 
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Table LXXXVm. 
^^icotiana tabaeum. 



Plantt raiud/rom two Plantt of the Third S^-fertSised 
Generation in PoU II. and F, tn Table LXXX VII. 



From Pot II, Tri)lo LXXXVIL 


From Pot V, Tible LXXXVIL 






Piuitf of tho 






PUotaof tSie 


No. of Pot. 




Koartfa Self- 




Kew-croMed I 






fertllls^Oen- 




I’Uufai. 1 


ferUUi^dGen- 




WhM 


Xnebeo. 




Inch«i. 1 


locbee. 


L 


8Af 


681 


1. 


77j 


56 




.31 






n 1 


H 


II. 1 


78J 1 


511 


I 11. 


551 1 


27 1 






70 




18 1 


7 


III. 


771 1 

77i 1 


■11 1 


1 la 


76| j 


60 1 


IV. 


491 i 


29] I 


IV. 


90] ; 


“1 




15| 1 


32 




22] 1 


♦I 1 


V. 


80 


85 


V. 


94] , 


28] 




17 1 


5| 






VI. 


90 


80 


VI. 


1 78 


78| 


VII. 


841 




Il 


1 1 


61] 




761 


56| 




Vlll. 


831 j 


84] 


1 VIll. 




78] 




i 


1 m 1 


27] 


ToUl ink 
inches./ j 


902'63 1 

1 ! 


636-13 


, ToUl ini 
inches./ 


j 743-13 


447-38 



Some of the remaining seeds of both scries, whether or not in 
a state of germination, were thickly sown on the opposite sides 
of two very largo pots ; and the six highest plants on each side 
of each pot were measiired after they had grown to nearly their 
full height Snt their heights were much less than in the 
former trials, owing to their extremely crowded condition. Even 
whilst quite young, the crossed seekings manifestly had much 
broader and finer leaves than the self-fertilised seedlings. 
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Tablk LXXXIX. 

Nieotiana tabacum. 

Plant! of the tame ■parentage at those m Table LXXXVIIL, 
but grown extremelg crowded in two large pots. 




The twelve tallest crossed plants in the two pots belonging to 
the two series average here 31 ‘ 53, and the twelve tallest self-ferti- 
lised plants 17 ‘21 inches in height; or as 100 to 54. The plants 
on both sides, when fnUy grown, some time after they had been 
measured, were cut down close to the ground and weighed. 
The twelve crossed plants weighed 21 ‘25 ounces; and the 
twelve self-fertilised plants only 7 ‘83 ounces; or in weight as 
100 to 37. 

The rest of the crossed and self-fertilised seeds from the two 
parent-plants (the same as in the last experiment) was sown on 
the 1st of July in four long parallel and separate rows in good soil 
in the open ground ; so t^t the seedlings were not subjected to 
any mutual competition. The summer was wet and unfavourable 
for their growth. Whilst the seedlings wore very small the two 
crossed rows had a clear advantage over tlie two self-fertilised 
rows. When fully grown the twenty tallest crossed pluts and 
the twenty tallest self-fertilised plants were selected and mear 
cured on the 11th of November to the extremities of their leaves, 
as shown in the following table (XC.). Of the twenty crossed 
plants, twelve had flowered ; whilst of the twenty self- fertilised 
plants one alone bad flowered. 
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Tablb XC. 
Sicoliana labaeum. 



Plants raised from the same seeds as in the last two experiments, 
but sown separaUly in the open ground, so as not to compete 
together. 




The twenty tallest crossed plants here arerage 48’74, and the 
twenty tallest self-fertilised 35 -2 inches in height; or as 100 to 
72 These plants after being measured were cut down close to 
the ground, and the twenty crossed plants weighed 195-75 
ounces, and the twenty self-fertilised plants 123-25 ounces; or 

In the tliree preceding tables, LXXXVm., LXXXIX., and 
XC., we have the measurements of fifty-six plants derived from 
two plants of the third self-fertilised generation crossed with 
pollen from a fresh stock, and of fifty-six plants of the fourth self- 
fertilised generation derived from the same two plants. These 
crossed and self-fertilised plants were treated in three different 
ways, having been put, firstly, into moderately close competition 
with one another in pots ; secondly, having been subjected to 
unfevourable conditions and to very severe competition from 
being greatly crowded in two large pots; and thirdly, having 
being sown separately in open and good ground, so as not to 
suffer from any mutual competition. In alt these cases the 
crossed plants in each lot were greatly superior to the self- 
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fertilifHHl. Tliiii waa ahown in several ways, — by the earlier 
gemiinntion of the crossed seeds, by the more rapid growth of 
the seedliugs whilst qnite young, by the earlier flowering of the 
mature jilants, as well as by the greater height which they 
ultimately attained. The superiority of the crossed plants was 
shown still more plainly when the two loU were weighed ; the 
weight of the crossed plants to that of the solf-fortilised in the 
two crowded pota being as 100 to 37. Uetter evidence could 
hardly be desired of t^ immense advantage derived from a 
cross with afresh stock. 

XXVI. PBIMULACE^-Ctclauk* peusiccii.* 

Ten flowers crassed with pollen from plants known to bo 
distinct seedlings, yielded nine capsules, containing on an 
average 34 '2 seeds, with a maximum of seventy-seven in one. 
Ten flowers self-fertilised yielded eight capsules, containing on 
an average only 13*1 seeds, with a maximum of twenty-flve in one. 
This gives a ratio of 100 to 38 for the average number of seeds 
per cai«ule for the crossed and self-fertilised flowers. The 
flowers hang downwards, and as the stigmas stand close Iicneatb 
the anthers, it might have lieen expected that pollen would 
have fallen on them, and that they would have been spontaneonsly 
aslf-fertilited ; but these covered-up plants did not produce a 
single capsule. On scxne other occasioiis uncovered plants in 
the same greenhouse produced plenty of capsules, and I suppose 
that the flowers had been visited by bees, which could hardly 
fail to carry jwllen from plant to plant. 

The seeds obtained in the manner just described were placed 
on sand, and after germinating were planted in pairs,— three 
crossed and three self-fertilised planU on the opposite sides of 
four pots. When the leaves were 2 or 3 inches in length, 
including the foot-stalks, the seedlings on both sides were 
equal. In the course of a month or two the crossed plants began 
to show a slight superiority over the solf-fertilisod, which 
steadily increased ; and the crossed flowered in all fonr pots some 
weeks before, and much more profusely than tlie self-fertilised. 
The two tallest flower-stems on the crossed plants in each pot 
were now measured, and the average height of the eight stems 

• CmilamrH rrpaitdum, socord- p. 150), is prntcrsndrons, and this 

ingtoLccmi (* OdngTspliio Uotan- I believe to be the ease with C. 

ique do rEuroi>e,’ tom. vlii. 1858, perriesm. 
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was 9 '49 inches. After a consideraHo interval of time the 
self-fertilised plants flowered, and several of their flower-stems 
(but I forgot to record how many) were roughly measured, and 
their average height was a little under 7 '5 inches; so that the 
flower-stems on the crossed plants to those on the self-fertilised 
were at least as 100 to 79. The reason why I did not make 
more careful measurements of the self-fertilised plants was, that 
they looked such poor specimens tliat I determined to have them 
re-potted in larger pots and in the following year to measure 
them carefully ; but we shall see that this was partly frustrated 
by so few flower-stems being then produced. 

These plants were left uncovered in the greenhouse ; and the 
twelve crossed plants produced forty capsules, whilst the 
twelve self-fertilised plants produced only five ; or as 100 to 12. 
But this difference does not give a just idea of the relative 
fertility of the two lots. I counted the seeds in one of the finest 
capsules on the crossed plants, and it contained seventy-three ; 
whilst the finest of the five capsules produced by the self- 
fertilised plants contained only thirty-five good seeds. In the 
other four capsules most of the seeds were barely half as large 
as those in the crossed capsules. 

Tabud XCI. 
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In the following year the crossed plants again bore many 
flowers before the self-fertilised boro a single one. The three 
tallest flower-stems on the crossed plants in each of the pots 
were measured, as shown in Table XCL In Pots I. and II. the 
self-fertilised plants did not produce a single flower-stem ; in 
Pot IV. only one ; and in Pot III. six, of which the throe tallest 
wore measured. 

The average height of the twelve flower-stems on the crossed 
plants is 9'M, and tliat of the four floweretems on the self- 
fertilised plants 7-37 inches ; or as 100 to 74. The self-fertilised 
plants were miserable specimens, whilst the crossed ones looked 
very vigorous. 



Ahaoalus. 

Anagailit eoUina, ear. grandijUm (pale red and hlne-fiouered 

Firstly, twenty-five flowers on some plants of the red variety 
were crossed with pollen from a distinct plant of the same 
variety, and produced ten capsules; thirty-one flowers were 
fertilisc<l with their own pollen, and produced eighteen capsules. 
These plants, which wore grown in pots in the greenhouse, were 
evidently in a very sterile condition, and the seeds in both 
sets of eapsnlee, especially in the self-fertilised, although 
numerous, were of so poor a quality that it was very difficult 
to determine which were good and which bad. But as far as I 
could judge, the crossed capsules contained on an average 6*3 
good seeds, with a maximum in one of thirteen; whilst the 
Mlf-fertilised contained 6 '05 snch seeds, with a maximum in 
one of fourteen. 

Secondly, eleven flowers on the red variety were castrated 
whilst young and fertilised with pollen from the blue variety, 
and this cross evidently much increased their fertility ; for the 
eleven flowers yielded seven capsules, which contained on an 
average twice as many good seeds as before, viz., 12' 7 ; with a 
maximum in two of the capsules of seventeen seeds. Therefore 
these crossed capsules yielded seeds compared with those in the 
foregoing self-fertilised capsules, as lUO to 43. These seeds were 
also conspicuously larger than those from the cross between two 
individuals of the same red variety, and germinated much more 
freely. The flowers on most of the plants produced by the cross 
between the two-coloured varieties (of which several were raised). 
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took after their mother, and were red-colonred. But on two of 
the plants the flowers were plainly stained with blue, and to 
such a degree in one case as to be almost intermediate in tint. 

The crossed seeds of the two foregoing kinds and the self- 
fertilised were sown on the opposite sides of two large pots, and 
the seedlings were measured when fully grown, as shown in the 
two following tables ; — 



tabls xcn. 




As the plants of the two lots are few in number, they may be 
run together for the general average; but I may first state that 
the height of the seedlings from the cross between two individuals 
of the red variety is to that of the self-fertilised plants of the red 
variety as 100 to 73 ; whereas the height of the crossed ofispring 
from the two varieties to the self-fertilised plants of the red 
variety is as 100 to 66. So that the cross between the two 
varieties is here seen to be the most advantageous. The average 
height of all six crossed plants in the two lots taken together is 
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48-90, and that of the aix ai.ir-ruiiilMed planU 83-95 ; or aa 100 
loC9. 

Tbeae aix croaaed planta prodaoed apontanoouidy twenty-aix 
e^isalea, whilat the aix aelf-fertiliaed planta prodnced only two, 
or aa 100 to 8. There ia therefore the aamo extraordinary 
diflerencv in fertility between the croaaed and aelf-fortiliaed 
planta aa in the laat genua, Cyolnmon, which belonga to the aamo 
family of tlio Trimulaccaa. 



PainrLa Txaaa. Brit Flora. 

( Var. oJSeimUiM, Iiaa.), Tlu Cowtlip. 

Moat of the apeciea in thia genua aro heteroatyled or 
dimorphic ; that ia, they proaent two forma,— one long-atylod with 
abort ataniona, and the other ahort-atyled with long atamena.* 
For complete fortiliaation it ia neceaaary that pollen from the one 
form ahonid be applied to the atigma of the other form ; and thia 
ia effected nnder nature by inaecta. Sneh nnkma, and the aeed- 
lings raiaed &om them, I have called legitimate. If one form ia 
fertiliaed with pollen from the aame form, the full complement 
of aeed ia not produced ; and in the case of aomo heteroatyled 
genera no aood at all ia produced. Such uniona, and the aeed- 
linga raiaed from them, 1 have called illegitimate. Theae aeed- 
lingi are often dwarfed and mace or lean oterile. like hybrida. 
I poeaeoaod come loog-etyled planta of P. vtrit, which daring four 
•neoeaaiTo generationa had been produced from illegitimate 
unions between long-styled planta ; they were, moreover, in some 
degree inter-related, and had lieonaubjected all the time to aimilar 
conditions in pots in the greenhouse. As long as they were 
cultivated in this manner, they grew well and were healthy and 
fertile. Their fertility even increased in the later gcoeratioos, 
aa if they were becoming habituated to illcgitiniate fertilioation. 
PlanU of the first illegitimate generation when taken from the 
greenhouse and planted in moderately good soil out of doors 
grew well and wore healthy ; but when those of the two lost 
illegitimate generations were thua treated they became exoea- 



* Bn my paper ‘ On the Two 
F<ms or nmof^ie Onaditwa in 
the Species of Primnls,' in ‘ Jour- 
aelorPn>c.Unn.8oe.’*ol.vi.lM2, 




like Natnre of the Otbpring horn 
the IllegHiniata Vnioos of Uimor- 
phio and Trimorphic PUnU,’ was 
published iu voL x. 1867, p. S!Ki, 
uf the same Journal. 
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Bively Htorilo and dwarfed, and remained so during the following 
year, by which time they ought to have become accustomed to 
growing out of doors, so that they must have possessed a weak 
constitution. 

Under these circumstances, it seemed advisable to ascertain 
what would be the effect of legitimately crossing long-styled 
plants of the fourth illegitimate generation with pollen taken from 
non-rclatod short-styled plants, growing under different con- 
ditions. Accordingly several flowers on plants of the fourth 
illegitimate generation (Le., groat-great-grandchildren of plants 
which had been legitimately fertilised), growing vigorously in pots 
in the greenhouse, were legitimately fertilised with pollen from 
an almost wild short-styled cowslip, and these flowers yielded 
some fine ca]«ulcs. Thirty other flowers on the same illegi- 
timate plants were fertilised with their own pollen, and these 
yielded seventeen capsules, containing on an average thirty-two 
seeds. This is a high d^ree of fertility ; higher, I believe, tlian 
that which generally obtains with illegitimately fertilised long- 
styled plants growing out of doors, and higher tlian that of the 
previous illegitimate generations, although their flowers were 
fertilised with pollen taken from a distinct plant of the same 
form. 

These two lots of seeds were sown (for they will not germinate 
well when placed on hare sand) on the opposite sides of four 
pots, and the seedlings were thinned, so that an equal number 
were left on the two sides. For some time there was no marked 
difference in height between the two lots ; and in Pot IIL, Table 
XCIII., the self-fertilised plants were rather the tallest. But by 
the time that they had thrown up young flower-stems, the 
legitimately crossed plants appeared much the finest, and had 
greener and larger leaves. The breadth of the largest leaf on 
each plant was measured, and those on the crossed plants were 
on an average a quarter of an inch (exactly ‘iW of an inch) 
broader than those on the self-fertilised plants. The plants, from 
being too much crowded, produced poor and short flower-stems. 
The two finest on each side were measured ; the eight on the 
legitimately crossed plants averaged 4 '08, and the eight on the 
illegitimately seif-fertilised plants averaged 2 '93 inches in 
height; or as 100 to 73. 

These plants after they iuul flowered were turned out of their 
pots, and planted in fairly good soil in the open ground. In 
the following year (1870), when in full flower, the two tallest 
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flower-stems on each side were again measnred, as shown in the 
following table, which likewise gires the nnmba of flowei>«tems 
produced on both sides of ail the pots. 



tabl* xcm. 




The arerage height of the eight tallest flower-stems on the 
crossed plants is here 7‘03 inches, and that of tlie eight tallest 
flower-stums on the self-fertilised plants 3 '21 inches; or as lOU 
to 46. We see, also, that the cross^ plants bore sixty-two flower- 
stems; that is, abore four times as many as those (riz., fifteen) 
borne by the self-fertilised plants. The flowers were left ex- 
posed to the.Tisits of insects, and as many plants of both forms 
grew close by, they mnst hare been legitimately and natnrally fer- 
tilised. Under these cirenmstanoes the cross^ plants prodneed 
821 capsules, whilst the self-fertilised produced only 16; and 
these were all prodneed by a single plant in Pot II., which was 
much finer than any other self-fertilised plant. Judging by the 
munltcr of capsules produced, the fertility of an equal number 
of crossed and self-f^lised plants was as 100 to 5. 

In the succeeding year (1371) I did not count all the flower- 
stems on these plants, but only those which prodneed cap- 
sules containing good seeds. Tho season was unfavourable, and 
the crossed plants prodneed only forty such flower-stems, bearing 
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168 good capsules, whilst the self-fertilised plants produced 
only two such flower-stems, bearing only 6 capsules, half of 
which were very poor ones. So that the fertility of the two lots, 
judging by the number of capsules, was as 100 to 3 ‘5. 

In considering the great difference in height and the wonderful 
difference in fertility between the two sets of plants, we should 
lioar in mind that this is the result of two distinct agencies. 
The self-fertilised plants were the product of illegitimate fertili- 
sation during five successive generations, in all of which, ex- 
cepting the last, the plants had been fertilised with pollen taken 
from a distinct individual belonging to the same form, but which 
was more or less closely related. ITie plants had also been 
subjected in each generation to closely similar conditions. This 
treatment alone, as I know from other observations, would have 
greatly reduced the size and fertility of the ofbpring. On the 
other hand, the crossed plants were the offspring of long-styled 
plants of the fourth illt^timate generation legitimately crossed 
with pollen from a short-styled plant, which, as well as its pro- 
genitors, had been exposed to very different conditions ; and this 
latter circumstance alone would have given great vigour to the 
ofbpring, as we may infer from the several analogous cases 
already given. How much proportional weight ought to be at- 
tributed to these two agencies, — the one tending to injure the 
self-fertilised offspring, and the other to benefit the crossed 
offspring, — cannot be determined. But we shall immediately 
see that the greater part of the benefit, as far as increased 
fertility is concerned, must bo attributed to the cross having 
been made with a fresh stock. 

Primula veris. 

Equal tlyled and red-fiou/ered ear. ' 

I have described in my paper ‘ On the Illegitimate Unions of 
Dimorphic and Trimorphic Plants’ this remarkable variety, wliich 
was sent to me from Edinburgh by Mr. J. Scott. It possessed a 
pistil proper to the long-styled form, and stamens proper to the 
short-styled form ; so that it had lost the heterostylod or dimor- 
phio character common to most of the species of the genus, 
and may be compared with an hermaphrodite form of a bi- 
sexual animal. Consequently the pollen and stigma of the 
same flower are adapted for complete mutual fertilisation, instead 
of its being necessary that pollen should bo brought from one 
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form to another, as in the common cowalip. From the stigma 
and anthers standing nearly on the same leTel, the flowers are 
perfectly self-fertile when insects are excluded. Owing to the 
fortunate existenoe of this rariety, it is possible to fertilise its 
flowers in a legitimate manner with their own pollen, and to 
cross other flowers in a legitimate manner with pollen from 
another variety or fresh stock. Thus the offspring from both 
nmons can bo compared quite fairly, free from any doubt from 
the injurioiu efliocts of an illegitimate union. 

The plants on which I experimented had been raised during 
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weds produced by plants under a net; and as the variety is 
highly self-fertile, its progenitors in Edinburgh may have been 
self-fertilised during some previous generations. Sovernl flowers 
on two of my planU were legitimately crossed with pollen from 
a ^rt-stylcd common cowslip growing almost wild in my 
orchard ; so that the cross was between planU which had been 
subjected to considerably different conditionA Several other 
flowers on the same two plants were allowed to fertilise them- 
selves under a net; and tliis union, as already explained is a 
legitimate one. ’ 

The crossed and self-fertilised seeds thna obtained were sown 
^ckly on the opposite sides of three pots, and the seedlings 
thinned, so that an equal number were left on the two 
The seedlings during the flrst year were nearly equal in 
height, excepting in Pot UL, Table XCIV., in which the self- 
fertilised planU had a decided advantage. In the autumn the 
planU were bedded out, in their poU; owing to thU circum- 
stance, and to many planU growing in each pot, they did not 
flourish, and none were very productive in seeds. But the 
conditions were perfectly equal and Uir for both In the 

fallowing spring I record in my notes that in two of the poU 
the crossed planU are “incomparably the flnest in general 
appwraiu o,” and in all three poU they flowered before the self- 
fertilised. When in full flower the tallest flowor«tera on each 
side of each pot was measured, and the number of the flower- 
stems on both sides counted, as shown in the following UUe. 
The planU were left uncovered, and asother planU were growing 
close by, the flowers no doubt were crossed by insects. When 
the capsules were ripe they were gathered and counted, and 
the result is likewise shown in the following table 



224 PRIMULA VERIS. CsiP. 

Table XCIV. 

Primula vtrit (equal -styled, red-flowered variety). 



No. Of Put 


Crowed Plants. 


Self-fertUiaed Plants. 


Height of 
tallest 


CapsulM. 


Hrijthtof 

Flower-elem 


Naof 


!^.of^ 


I. 


1 10 14 ! 163 


61 


6 


6 


II. 


81 


1 Several, 

12 not 

1 counted. | 




2 


0 


III. 1 71 1 7 43 


;~1~ 1 


5 1 


26 


Totals, j '.itf 'O 33 206 


22 0 1 

! 1 


13 1 


32 



The aperage height of the three tallest flower-stems on the 
crossed plants is 8' 66 inches, and that of the three on the 
self-fertilised plants 7 '33 inches; or as 100 to 85. 

All the crossed plants together produced thirty-three flower- 
stems, whilst the self-fertilised bore only thirteen. The number 
of the capsules were counted only on the plants in Pots I. and III., 
for the self-fertilised plants in Pot II. produced none; therefore 
those on the crossed plants on the opposite side were not 
counted. Capsules not containing any good seeds were rejected. 
The crossed plants in the above two pots produced 206, and the 
self-fertilised in the same pots only 32 capsules; or as 100 
to 15. Judging from the previous generations, the extreme 
unproductiveness of the self-fertilised plants in this experiment 
was wholly due to their having been subjected to unfavourable 
conditions, and to severe competition with the crossed plants; 
fur had they grown separately in good soil, it is almost certain 
that they would have produced a large number of capsules. 
The seeds were counted in twenty capsules from the crossed 
plants, and they averaged 24 '.75; wUlst in twenty capsules 
from the self-fertilised plants the average was 17 '65; or as 
100 to 71. Moreover, the seeds from the self-fertilised plants 
were not nearly so fine as those from the crossed plants. If 
we consider tc^ether the number of capsules produced and 
the average nnml>er of contained seeds, the fertility of the 
crossed plants to the self-fertilised plants was as 100 to 11. 
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We thns lee what a great efiect, as far as fertility is ooncemod, 
was ptodooed by a cruas between the two rarieties, which had 
been loisi ezpo^ to different oonditioos, in comparison with 
self-fertilisation; the fertilisation haring been in b^ caeca of 
the legitimate order. 



FkIMCLA SI.NENBIB. 

As the Chinese primroae is a heteroetyled or dimorphic plant, 
like the common cowslip, it might hare been expected that the 
Sowent of both forms when illegitimately fertiliaod with thdr 
own pollen or with that from flowers on another plant of the 
same form, would hare yielded leas seed than the legitimately 
oruiwed flowers; and that the seedlings raised from illegiti- 
mately self-fertilised seeds would hare been somewhat dwarfed 
and 1ms fertile, in comparison with the seedlings from Ulti- 
mately croaaed seeds. This holds good in relation to the fer- 
tility of the flowers; bnt to my surprise there was no difference 
in growth between the offepring from a legitimate union between 
two distiuct plants, and from an illegitimate union whether 
betwei'U the flowers on the same plant, or between distinct plants 
of the same form. Bnt I bare shown, in the paper before referred 
to, that in England this plant is in an abnormal condition, 
such as, judging from analogoos cases, would tend to render a 
cross between two indiriduals of no benefit to the offepring. 
Our plants bare been commonly raised from self-fertilised 
seeds ; and tho seedlings hare generally been subjected to nearly 
uniform conditions in pots in greenhouses. Moreover, many of 
the plants are now varying and changing their character, so as 
to become in % greater or leas degree equal-styled, and in con- 
asquenoe highly selfefertile. From the analogy of P. wtrU there 
can hardly be a doubt that if a plant of P. sisomu could have 
been procured direct from China, and if it had been crossed 
with one of our English varieties, tlie offspring would have 
shown wonderful superiority in height and fertility (though 
probably not in the beauty of their flowers) over onr ordinary 
plants. 

My first experiment consisted in fertilising many floweia on 
Img-stylcd and abort-styled plants vrith their own pollen, and 
other flowers on the same plants with pollen taken from distinct 
plants belonging to the same form ; so tliat all the unions were 
illegitimntc. Tboro was no uniform and marked difference in 
Q 
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the number of seeds obtained from these two modes of self-fer- 
tilisation, both of which were illegitimate. The two lots of seeds 
from both forms were sown thickly on opposite sides of four pots, 
and nnmeruos plants thus raised. But there was no difference 
in their growth, excepting in one pot, in which the offspring 
from the illegitimate union of two long-styled plants exceed 
in a decided manner in height the offspring of flowers on the 
same plants fertilised with their own pollen. But in all four 
pots the plants raised from the um'on of distinct plants belonging 
to the same form, flowered before the ofispring from the self- 
fertilised flowers. 

Some long-styled and short-styled planU were now raised from 
purchased seeds, and flowers on both forms were legitimately 
crossed with pollen from a distinct plant ; and other flowers on 
lioth forms wore illegitimately fertilised with pollen from the 
flowers on the same plant. The seeds were sown on opposite sides 
of Pots I. to IV. in the following table (XCV.); a single plant 
being left on each side. Several flowers on the illegitimate long- 
styled and short-styled plants described in the last paragraph, 
were also legitimately and illegitimately fertilised in the manner 
just descrilied, and their seeds were sown in Pots V. to VIII. in 
the same table. As the two sets of seedlings did not differ in 
any essential manner, their measurements are given in a single 
table. 1 should add that the legitimate unions in both cases 
yielded, as might have been expected, many more seeds than the 
illegitimate unions. The seedlings whilst half-grown presented 
no difference in height on the two sides of the several pots. 
When fully grown they wore measured to the tips of their 
longest leaves, and the result is given in Table XCV. 

In six out of the eight pots the legitimately grossed plants 
exceeded in height by a trifle the illegitimately self-fertilised 
plants ; but the latter exceeded the former in two of the pots in a 
more strongly marked manner. The average height of the eight 
legitimately crossed plants is 9 01, and that of the eight illegi- 
timately self-fortilis^ 9’03 inches; or as 100 to 100'2. The 
plants on the opposite sides produced, as far as could lie judged 
by the eye, an equal number of flowers. I did not count the cap- 
sules or the seeds produced by them ; but undoubtedly, judging 
from many previous observations, the plants derived from the 
legitimately crossed seeds would have been considerably more 
fertile than those from the illegitimately self-fertilised seeds. 
The crossed plants, as in the previous case, flowered before the 
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Tabu XCV. 
Primuiia timemsit 




Mlf-fertiliwd plants in all the pots except in Pot IL. in which the 
two sides flowered Rinmltaneonsly ; and this early flowering 
may, perhaps, be considered as an adrantaga. 

Q 2 
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XXVII. POLYGONEiE.— Fagoptrum mculkntmi. 

TbU plant was duicoTered by Hildebrand to be bctcrostyled, 
that is, to present, like the species of PrimnU, a long-stylcd and a 
ahnrt-styM form, which are adapted for reciprocal fertilisation. 
Therefore the following comparison of the growth of the crossed 
and self-fertilised seedlings is not fair, for we do not know 
whether the difference in their heights may not bo wholly duo to 
the illegitimate fortiUsation of the self-fertilised flowers. 

I obtained seeds by legitimately crossing flowers on long-styled 
and short-styled plants, and by fertilising other flowers on both 
forms with pollen from the same plant Rather more seeds were 
obtained by the former than by the latter process ; and the 
legitimately crossed seeds were heavier than an equal number 
of the illegitimately self-fertilised seeds, in the ratio of 100 to 82. 
Crossed and self-fertilised seeds from the short-styled parents, 
after germinating on sand, were planted in pairs on the opposite 
aides of a large pot ; and two similar lots of seeds from long- 
styled parento were planted in a like manner on the opposite 
sides of two other pots. In all three pots the legitimately crossed 
seedUngs, when a few inches in height, wore taller than the self- 
fertilised ; and in all three pots they flowered before them by one 
or two days. When fully grown they were all cut down close 
to the ground, and as I was pressed for time, they were placed 
in a long row, the cut end of one plant touching the tip of 
another, and the total length of the legitimately crossed plants 
was 47 ft. 7 in., and of the illegitimately self-fertilised plants 
82 ft. 8 in. Therefore the average height of the fifteen crossed 
plants in all three pots was 38 0C inches, and that of the fifteen 
self-fertilised plants 26*18 inches; or as 100 to GO. 

xxvm. CHENOPODIACEiE.— Bkta vtusarib. 

A single plant, no others growing in the same garden, was 
left to fertilise itself, and the self-fertilised seeds were collected. 
Seeds were also collected from a plant growing in the midst of a 
large bed in another garden ; and as the incoherent pollen is 
abundant, the seeds of this plant will almost certainly have been 
the product of a cross between distinct plants by means of the 
wind. Some of the two lots <rf seeds were sown on the opposite 
sides of two very large pots ; and the young seedlings were 
thinned, so that an equal but considerable number was left on 
the two sides. Those plants were thus subjected to very severe 
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eompotition, m well as to poor oonditions. The remaining seeds 
were sown out of doors in good soil in two long and not closely 
adjoining rows, so that these seedlings were placed under favour- 
able conditions, and were not subjected to any mutual com- 
petition. The self-fertilised seeds in the open ground came up 
very badly; and on removing the soil in two or three places, it 
was found that many had sprouted under ground and had 
then died. No such case had been observed before. Owing to 
the large number of seedlings which thus perished, the sur- 
viving self-fertilised plants grew thinly in the row, and thus had 
an advantage over the crossed plants, which grew very thickly 
in the other row. The young plants in the two rows wore pro- 
tected by a little straw during the winter, and those in the two 
large pots were placed in the greenhouse. 

There was no difference l«tween the two lots in the pots until 
the ensuing spring, when they had grown a little, and then some 
of the crossed plants were finer and taller than any of the self- 
fertilised. When in full flower their stems were measured, and 
the measurements are given in the following table : — 

Tablh XCVI. 




The average height of the eight crossed plants is here 
34*09, and tW of the eight self-fertiliaed plants 29*81 ; or as 
100 to 87. 

With respect to the plants in the open ground, each long row 
was divided into half, so as to diminish the chance of any 
accidental advantage in one part of either row; and the four 
tallest plants in the two halves of the two rows were carefully 
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selected and measured. The eight tallest crossed plants averaged 
30-92, and the eight tallest self-fertilised 30 -7 inches in height, 
or as 100 to 99 ; so that they wore practically cqnal. But we 
should bear in mind that the trial was not quite fair, as the 
self-fertilised plants had a great advantage over the crossed 
in being much less crowded in their own row, owing to the 
large number of seeds which had perished under ground after 
sprouting. Nor were the lots in the two rows subjected to any 
mutual competition. 

XXIX. CANNACK®.— Canka wabsciwiczi. 

In most or all the species belonging to this genus, the pollen 
is shed before the flower expands, and adheres in a mass to the 
foliaceous pistil close beneath the stigmatic surface. As the 
edge of this mass generally touches the edge of the stigma, and 
as it was ascertained by trials purposely made that a very few 
pollen-grains suffice for fertilisation, the present species and 
probably all the others of the genus are highly self-fertile. 
Exceptions occasionally occur in which, from the stamen being 
slightly shorter than usual, the pollen is deposited a little beneath 
the stigmatic surface, and such flowers drop off unimpreg- 
natod unless they are artificially fertilised. Sometimes, though 
rarely, the stamen is a little longer than usual, and then the 
whole stigmatic surface gets thickly covered with pollen. As 
some pollen is generally deposited in contact with the edge of 
the stigma, certain authors have concluded that the flowers are 
invariably self-fertilised. This is on extraordinary conclusion, 
for it implies that a groat amount of pollen is produced for no 
purpose. On this view, also, the large size of the stigmatic 
surfiuMi is an unintelligible feature in the structure of the flower, 
08 well as the relative position of all the parts, which is such 
that when insects visit the flowers to suck the copious nectar, 
they cannot fail to carry pollen from one flower to another. • 



• Delpino has described (‘ Hot. 
Zoitung,’ 1867, p. 277, and ‘ Scien- 
tific Opinion,’ 1870, p. 13.1) the 
structure of the flowers in this 
genua, but he was mistaken in 
thinking that Bclf-fertilisation is 
impossible, at least in the cuso of 
the present species. Dr. Dickie and 
Prof. Faivre state that the flowers 



are fertilised in the bud, and that 
self-fertilisation is inevitable. I 
presume that they were misled by 
the pollen tx-ing deiiosited at a 
very early period on the pUtil : see 
‘Journal of Linn. Soo. Hot.’ vol. 
X. p. 55. and ‘Variability des 
Kspeces,’ 18G8, p. 158. 
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AccordinK to Delpino, bees eagerly Tisit the flowers in North 
Italy, but I have never seen any insect visiting the flowers of the 
present species in my hothouse, although many plants grew 
there during soveral years. Nevertheless these plants produced 
plenty of seed, as they likewise did when covered by a net ; they 
are therefore fully capable of self-fertilisation, and have probably 
been self-fertilised in this country for many generations. As 
they are cultivated in pots, and are not exposed to competition 
with surrounding plants, they have also been subjected for a 
considerable time to somewhat uniform conditions. This, there- 
fore, is a case exactly parallel with that of the common pea, in 
which we have no right to expect much or any good from 
intercrossing plants thus descended and thus treated; and 
no good did follow, excepting that the cross-fertilised flowers 
yielded rather more seeds than the self-fertilised. This species 
was one of the earlier ones on which I experimented, and as I 
had not then raised any self-fertilised plants for several successive 
generations under uniform conditions, I did not know or even 
suspect that such treatment would interfere with the advantages 
to be gained from a cross. I was therefore much surprised at 
the crossed plants not growing more vigorously than the self- 
fertilised, and a large number of plants were raised, notwitli- 
standing that the present species is an extremely troublesome 
one to experiment on. The seeds, even those which have been 
long soaked in water, will not germinate well on bare sand ; and 
those that were sown in pots (which plan I was forced to follow) 
germinatul at very unequal intervals of time; so that it was 
difficult to got pairs of the same exact age, and many seedlings 
had to be pulled up and thrown away. My experiments were 
continued during three successive generations; and in each 
generation the self-fertilised plants were again self-fertilised, 
their early progenitors in this country having proliably been self- 
fertilised for many previous generations. In each generation, 
also, the crossed plants were fertilised with pollen from another 
crossed plant. 

Of the flowers which were crossed in the three generations, 
taken together, a rather larger proportion yielded capsules than 
did those which were self-fertilised. The seeds were counted in 
forty-seven capsules from the crossed flowers, and they con- 
tained on an average 9*95 seeds; whereas forty-eight capsules 
from the self-fertilised flowers contained on an average 8 '45 
seeds ; or as 100 to 86. The seeds from the crossed flowers were 
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not heavier, on the contrary a little lighter, than those from the 
self-fertilised flowers, as was thrice ascertained. On one occasion 
I weighed 900 of the crossed and 106 of the self-fertilised seeds, 
and the relative weight of an equal nnmher was as 100 for the 
crossed to 101*5 for the self-fertilised. With other plants, when 
the seeds from the self-fertilised flowers were heavier than those 
from the crossed flowers, this appeared to bo due generally 
to fewer having been produced by the self-fertilised flowers, and 
to their having been in consequence better nonrisbed. But in 
the present instance the seeds from the crossed capsules were 
separated into two lots,— namely, those from the cafxralee con- 
taining over fourteen seeds, and those from capsules containing 
under fourteen seeds, and the seeds from the more productive 
capsules were the heavier of the two; so that the above exidana- 
tion here fails. 

As pollen is deposited at a very early age on the pistil, gene- 
rally in contact with the stigma, some flowers whilst still in 
bud were castrated for my first experiment, and were afterwards 
fertilised with pollen from a distinct plant Other flowers were 
fertilised with their own pollen. From the seeds thus ob- 
tained, I succeeded in rearing only three pairs of plants of equal 
age. The three crossed plants avera^ 32*79 inches, and 
the three self-fertilised 82*08 inches in height ; so that they 
were nearly equal, the crossqd having a slight advantage. As 
the same result followed in all three generations, it would be 
superfluous to give the heights of all the plants, and I will give 
only the averages. 

In order to raise crossed and self-fertilised plants of the second 
generation, some flowers on the above crossed plants were crossed 
within twenty-four hours after they had expanded with pollen 
from a distinct plant ; and this interval would probably not be too 
great to allow of cross-fertilisation being effectual. Some flowers 
on the self-fertilised plants of the last generation were also self- 
fertilised. From these two lots of seeds, ten crossed and twelve 
self-fertilised plants of equal ages were raised ; and these were 
measured when fully grown. The crossed averaged 86*98, and 
the self-fertilised averaged 37*42 inches in height; so that hen 
again the two lots wen nearly e«|nal ; but the self-fertilised had 
a slight advantage. 

In order to raise plants of the third genention, a better plan 
was followed, and flowers on the crossed plants of the second 
generation wen selected in which the stamens were too short to 
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reach the stigmas, so that they could not possibly have been 
self-fertilised. These flowers were crossed with pollen from a 
distinct plant. Flowers on the self-fertilised plants of the second 
generation were again self-fertilised. From the two lots of seeds 
thus obtained, twenty-one crossed and nineteen self-fertilised 
plants of equal age, and forming the third generation, were raised 
in fourteen large pots. They were measured when fully grown, 
and by an odd chance the average height of the two lots was 
exactly the same, namely, 35*96 inches; so that neither side had 
the least advantage over the other. To test this result, all the 
plants on both sides in ten out of the above fourteen pots were 
cut down after they had flowered, and in the ensuing year the 
stems were again measured; and now the crossed plants ex- 
ceeded by a little (viz,, 1 *7 inches) the self-fertilised. They were 
again cut down, and on their flowering for the third time, the 
self-fertilised plants had a sUght advantage (viz., 1*51 inches) 
over the crossed. Hence the result arrived at with these plants 
during the previous trials was confirmed, namely, that neither 
lot had any decided advantage over the other. It may, however, 
be worth mentioning that the self-fertilised plants showed some 
tendency to flower before the crossed plants; this occurred with 
all three pairs of the first generation ; and with the cut down 
plants of the third generation, a self-fertilised plant flowered 
first in nine out of the twelve pots, whilst in the remaining three 
pots a crossed plant flowered first. 

If we consider all the plants of the three generations taken 
together, the thirty-four crossed plants average 35 *98, and the 
thirty-four self-fertilised plants ^*39 inches in height; or as 
100 to 101. We may therefore conclude that the two lots 
possessed equal powers of growth ; and this I believe to bo the 
result of long-continued self-fertilisation, together with exposure 
to similar conditions in each generation, so that all the indivi- 
duals had acquired a closely similar constitution. 



XXX. GRAMINACR®.— Z*A mats. 

This plant is monoecious, and was selected for trial on this ac- 
count, no other such plant having been experimented on.* It is 



• Hiliiibrand rrmarka that 
this •peoius suvnw at first sight 
adapted to be fertjIUcd by pollen 
from tbo same plant, owing to the 



male flowers standing above the 
female flowers ; but practically it 
must generally be fertilised by 
pollen from another plant, as tbo 
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also anemophilous, or is fertilised by the wind ; and of such plants 
only the common beet had been tried. Some plants were raised 
in the greenhouse, and were crossed with pollen taken from a 
distinct plant ; and a single plant, growing quite separately in a 
different part of the house, was allowed to fertilise itself spon- 
taneously. The seeds thus obtained were placed on damp sand, 
and as they germinated in pairs of equal age were planted on 
the opposite sides of four very large pots; nevertheless they 
wore considerably crowded. The pots were kept in the hothouse. 
The plants were first measured to the tips of their leaves when 
only between 1 and 2 feet in height, as shown in the following 
table : — 

Tabli XCVII. 




The fifteen crossed plants here average 20 19, and the fifteen 
self-fertilised plants 17-57 inches in height; or as 100 to 87. 
Mr. Galton made a graphical repre.sentation, in accordance with 
the method described in the introductory chapter, of the above 

male flowers usually shod their K. Akad.' Berlin, Oct. 1872, 
pollen before the female flowers p. 743. 
are mature; ‘ Monatsbericht der 
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meiumruincnts, and adds the words “ rery good ” to the cunres 
thus formed. 

Shortly afterwards one of the crossed plants in Pot I. died ; 
another Iwcame nmch diseased and stunted ; and the third nerer 
grew to its fall height. They seemed to hare been all iitinred, 
probably by some larva gnawing their roots. Therefore all 
the plants on both sides of this j)ot wore rejected in the subse- 
qnent measurements. When the plants were fully grown they 
wore again measured to the tips of the highest leaves, and the 
eleren crossed plants now averaged 68' 1, and the eleven self- 
fertilised plants G2'34 inches in height; or as 100 to 91. In all 
four pots a crossed plant flowered before any one of the self-fer- 
tilised ; but three of the plants did not flower at all. Those that 
flowered were also measured to the summits of the male flowers : 
the ten crossed plants averaged 66'51,and the nine self-fertiliaed 
plants 61 *59 inches in height ; or as 100 to 93. 

A large nnmber of the same crossed and self-fertilised seeds 
were sown in the middle of the summer in the open ground in 
two long rows. Very much fewer of the self-fertilised than of 
the crossed plants produced flowers ; but those that did flower, 
flowered almost simultaneously. When fully grown the ten 
tallest plants in each row were selected and measured to the 
tips of their highest leaves, as well as to the summits of their 
male flowers. The crossed averaged to the tipa of their leaves 
54 inches in height, and the self-fertilised 44'65, oir as 100 
to 83; and to the summits of their male flowers, 53'96 and 
43'45 inches; or as 100 to 80. 



PhALABU CAMABIEXBia. 

Hildebrand has shown in the paper referred to under the 
last species, that this hermaphrodite grass is better adapted 
for cross-fertilisation than for self-fertilisation. Several jilants 
were raised in the greenhouse close together, and their flowers 
were mutually intercrossed. Pollen from a single plant growing 
quite separately was collected and placed on the stigmas of the 
same pliuit The seeds thus produced were self-fertilised, for 
they were fertilised with pollen from the same plant, but it will 
have been a mere chance whether with pollen from the same 
flowers. Both lots of seeds, after germinating on sand, were 
planted in |»irs on the opposite sides of four pots, which were 
kept in the greenhouse. When the plants were a little over a 
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foot in height they were measured, and the crossed plants 
averaged 13*38, and the self-fertilised 12*29 inches in height; 
or as 100 to 92. 

When in full flower they were again measured to the ex- 
tremities of their cnlms, as shown in the following table : — 



Tablb XCVIII. 
Phalarii canarietuu. 





CroMcd PUnU. 






I. 


InebM. 
♦21 
39 1 


Incbe*. 

Si 


II. 


37* 


31 






♦9| 


37 






29 


♦2 




! 


37 


3^ 




IIL 


371 


28 






35} 


28 






♦3 


3^ 




IV. 


♦01 


35 i 




37 


3^1 


Total in inchei. 


♦28*00 


392*63 



The eleven crossed plants now averaged 38*9, and the eleven 
self-fertilised plants M * 69 inches in height ; or as 100 to 92, 
which is the same ratio as before. Differently to what occurred 
with the maize, the crossed plants did not flower before the self- 
fertilised; and thongh both lots flowered very poorly from 
having been kept in pots in the greenhouse, yet the self-fertilised 
plants produced twenty-eight flower-heads, whilst the crossed 
produced only twenty I 

Two long rows of the same seeds were sown out of doors, and 
care was taken that they were sown in nearly equal number; 
but a far greater number of the crossed than of the self-fertilised 
seeds yielded plants. The self-fertilised plants were in con- 
sequence not so much crowded as the crossed, and thus had an 
advantage over them. When in full flower, the twelve tallest 
plants were carefully selected from both rows and measured, 
as shown in the following table : — 
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The twelve crossed plants here average 35 ’78, and the twelve 
self-fertilised 88 -6 inches in height ; or as 100 to 93. In this 
case the crossed plants flowered rather before the self-fertilised, 
and thus differed from those growing in the pots. 
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CHAPTEK VII. 



SumABY OF THE HEIGHTS AHD WEIGHTS OF THE CROSSED AND 
Self-febtilised Plants. 

Nrnnbpr of species and plants measnred— Tables given — Preliminary 
remarks on the offspring of plants crossed by a fresh stock— Thirteen 
cases specially considered — ^The effects of crossing a self-fertilised 
plant either by another self-fertilised plant or by an intercrossed plant 
of the old stock — Summary of the results— Preliminary remarks on 
the crossed and self-fertilised plants of the same stock— The twenty- 
six exceptional cases considered, in which the crossed plants did not 
exceed greatly in height the self-fertilised — Most of these cases 
shown not to he real exceptions to the rule that cross-fertilisation 
is beneficial— Summary of results — Relative weights of the crossed 
and self-fertilised plants. 

The details which have been given under the head 
of each species are so numerous and so intricate, that 
it is necessary to tabulate the results. In Table A, the 
number of plants of each kind which were raised from 
a cross between two individuals of the same stock and 
from self-fertilised seeds, together with their mean 
or average heights, are given. In the right-hand 
column, the mean height of the crossed to that of 
the self-fertilised plants, the former being taken as 
100, is shown. To make this clear, it may be ad- 
visable to give an example. In the first generation of 
Ipomoea, six plants derived from a cross between two 
plants were measured, and their mean height is 86 • 00 
inches ; six plants derived from flowers on the same 
parent-plant fertilised with their own pollen were 
measuretl, and their mean height is 65 ‘66 inches. 
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From this it follows, as shown in the right-hand 
column, that if the mean height of the crossed plants 
be taken as 100, that of the self-fertilised plants is 76. 
The same plan is followed with all the other species. 

The crossed and self-fertilised plants were generally 
grown in pots in competition with one another, and 
always under as closely similar conditions as could 
be attained. They were, however, sometimes grown in 
separate rows in the open ground. With several of 
the species, the crossed plants were again crossed, and 
the self-fertilised plants again self-fertilised, and thus 
successive generations were raised and measured, as 
may be seen in Table A. Owing to this manner of 
proceeding, the crossed plants became in the later 
generations more or less closely inter-related. 

In Table B the relative weights of the crossed and 
self-fertilised plants, after they had flowered and had 
been cut down, are given in the few cases in which 
they were ascertaine<L The results are, I think, more 
striking and of greater value as evidence of constitu- 
tional vigour than those deduced from the relative 
heights of the plants. 

The most important table is that of C, as it includes 
the relative heights, weights, and fertility of plants 
raised from parents crossed by a fresh stock (that is, by 
non-relatetl plants grown under difierent conditions), 
or by a distinct sub-variety, in comparison with self- 
fertilised plants, or in a few cases with plants of the 
same old stock intercrossed during several generations. 
The relative fertility of the plants in this and the 
other tables will be more fully considered in a future 
chapter. 
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NAMES OF PLANTS. 



Iponima pnrpurm — 2nd gragrution 
' ~ purpuren — 3rd gengration 

» purpurga — tth ggnaration 




Mimnlu Intgm — thrag 6rat ggog-j 
rationa, bafora tba navaad Ullar 
sclf-fartillicd rariatjr appaarad | 



CaToaolaria— (common graenbooMl 

Tarlatjr) j 

Unaria aulgarli 

Verbascum thapana 



and aclf-fartilitad plaata, raiaad 
from perfect flowan. . . . 

Vaadallia narnmnlarifolia— eroaaad i 
and aalf-fartiliaad pUnta, raiaad | 
from uarfect flowera: aacoodl 
trial, plaata crowded . . .J 

Vandallia nummularifolia — cruaaad i 
planta raiaad from perfect Bowara, | 
and aelf-fartiliaed plaata from I 
cleiatogane flowera . . . . | 

Oaaaaria penduliaa 

Salria cocciaaa 

Origanum rnlgara 

Thnabargia alata 

Braaaica oleracaa 

Iberia umballata — the aelf-fertiliaadl 
planta of the 3rd generation . j 





•< 


ii 


6 


88-00 


6 


6 


84-16 


6 


7 


69-78 


7 


6 


87-50 


6 


8 


ns-u 


8 


5 


93-70 


5 


73 


85-84 


73 


10 


8-19 


10 


16 


51-88 


8 


1 


19-50 


1 


3 


7-08 


3 


6 


65-34 


6 


20 


4-30 


20 


24 


8-60 


24 


20 


4-30 


20 


8 


32-06 


8 


4 


20-00 


4 


9 


41-08 


9 


7 ' 


19-12 


7 



II Hit 
II nil 



68'35 

96-66 

64-07 

50-40 



5-29 

35-87 
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Tablic a — continued. 
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Tabli C . — Jtdativt BeighU, Weights, and Fertility t/ Plant* from 
Parent* crossed by afresh Stock, and from Parents either sdf- 
fertUised or intercrossed with Plants cf the same Stock. 



NAMES OF PLANTS AND NATURE *•' 
OF THE EXPERIMENTS. { I- 
•8? 



'fiL'n III 
' Ml I* 111 



I Ills 



IpomoM porpurcA — offiipring of 
pUnti intorcroosod for nine gen- 
emtions and then croeaed b,r a 
Rreeh etock, compared with 
plant* of the 10th tntercroeaed 
generation .... 



65-78 at 100 •« 78 



fresh itock, compared with 
plants of the 10th intercroated 
generation, in fertilitj . 



Mimnlnslnteos—oftipring of plants 
self-fertilised for eight genera-l! 
tions and then crotsed bjr a fresh) 28 
stock, compared with plants oft I 
the 9th self-fertilised generation'! 

Mlmnlnslotens— oRspringof plantsl ' 
self-fertilised for eight genera- ‘ 
tions and then crossed bp a * 
stock, compared with plan . 
the 9th self-fertilised generation, 
in fertilitp .... 



Mlmnlns Intent— oOspring of plants' 
self-fertilised for eight genera- 
tions and then crossed bp a fresh 
stock, compsred with ths off- 
spring of a plant seif-fertilisad 
for eight generations, and then 
Intercrossed with another self- 
fertilised plant of the same gen- 
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SUMMABY OF MEA8UREMEKT8. 



Table G—ccntinutd. 



XAMG3 OF PLANTS AND NATURE 
OF THE EXPERIMENTS. 


It 

II 

li 

|J 


1 *1 
1 li 
J?i 
1* ‘‘ 

li 


Ill 

liii 

111 


IP 

111 

III 

iUi 


Petunin riolacm — offtpriog of 
plant. aeir-rertilia«l for four 
generation, and then craned by 
a freah atock, compared with 
plant, of the 5th wlf-fertilUod 




50-05 2 


il 33-23 


as 100 to 66 


Petnnia riolacea — oflipring of 
plant. wlf-fertillMd for four 
generation, and then croued by 
a freah atock, compared with 
plant, of the 5th ulf-fertillMd 
generation, in weight . . 

Petunia riolacea — ofikpring of 
plant. lelf-fertiliMd for four 
generation, and then croned b^ 








„ „ 23 


10 


36-67 1 


0 23-31 


« M 63 


Jl.nu‘Vth^''5t“M^^lferti^^ 
generation, grown in open ground. 


Petunia riolacea — offapring of 
plant. wlf.fertili<ed for four 
generations and then eroned bjr 








tf I* 33 


plants of the 5th self-fertilued 
generation, grown in open ground. 










Petunia riolacea — offspring of 
plant. Hlf-fertili.ed for four 
generation, and then croemd by 
a freah stock, compared with 








„ „ 46 


planU of the 5th Mlf-fertiliwal 
generatioa, grown in open ground. 










plants >elf-fertiiiMd *for *fonr 
generations and then crosMid br 
a fresh stock, compared witii 
plant, of the 5th intercrosMd 
generation, in height . . . 


21 


50-05 ! 


!2 54-11 


„ „ 108 
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In these three tables the measurements of fifty-seven 
species, belonging to fifty-two genera and to thirty 
great natural families, are given. The species are 
natives of various parts of the world. The number 
of crossed plants, including those derived from a cross 
between plants of the same stock and of two different 
stocks, amounts to 1,101 ; and the number of self-fer- 
tilised plants (including a few in Table C derived 
from a cross between plants of the same old stock) 
is 1,076. Their growth was observed from the germi- 
nation of the seeds to maturity; and most of them 
were meiisured twice and some thrice. The various 
precautions taken to prevent either lot being unduly 
favoured, hare been described in the introductory 
chapter. Bearing all these circumstances in mind, it 
may be admitted that we have a fair basis for judging 
of the comparative effects of cross-fertilisation and of 
self-fertilisation on the growth of the offspring. 

It will be the most convenient plan first to consider 
the results given in Table C, as an o]>portunity will thus 
be afforded of incidentally discussing some important 
points. If the reader will look down the right-hand 
column of this table, he will see at a glance what an 
extraordinary advantage in height, weight, and fer- 
tility the ]ilants derived from a cross with a fresh stock 
or with another sub-variety have over the self-fertilised 
plants, as well as over the intercrossed plants of the 
same old stock. There are only two exceptions to this 
rule, and these are hardly real ones. In the case of 
Eschscholtzia, the advantage is confined to fertility. 
In that of Petunia, though the plants derived from a 
cross with a fresh stock had an immense superiority in 
height, weight, and fertility over the self-fertilised 
plants, they were conquered by the intercrossed plants 
of tho same old stock in height and weight, but nut 
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in fertility. It has, however, been shown that the 
superiority of these intercrossed plants in height and 
weight was in all probability not real ; for if the two 
sets had been allowe<l to grow for another month, it is 
almost certain that those from a cross with the fresh 
stock would have been victorious in every way over 
the intercrossed plants. 

Before we consider in detail the several cases given 
in Table C, some preliminary remarks must be made. 
There is the clearest evidence, as we shall presently 
sec, that the advantage of a cross depends wholly on 
the plants differing somewhat in constitution ; and that 
the disadvantages of self-fertilisation depend on the two 
parents, which are combined in the same hermaphrodite 
flower, having a closely similar constitution. A certain 
amount of differentiation in the sexual elements seems 
indispensable for the full fertility of the parents, and 
for the full vigour of the offspring. All the individuals 
of the same species, even those pro<luced in a state of 
nature, differ somewhat, though often very slightly, 
from one another in external characters and probably in 
constitution. This obviously holds good between the 
varieties of the same species, as far as external characters 
are concerned ; and much evidence could be advanced 
with respect to their generally differing somewhat in 
constitution. There can hardly be a doubt that the 
differences of all kinds between the individuals and 
varieties of the same species depend largely, and as I 
believe exclusively, on their progenitors having been 
subjected to different conditions ; though the conditions 
to which the individuals of the same species are ex- 
posed in a state of nature often falsely appear to us the 
same. For instance, the individuals growing together 
are necessarily exposed to the same climate, and they 
seem to us at first sight to be subjected to identically 
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tho same conditions ; bnt this can hanlly be the case, 
except nnderthe unusual contingencyof each indiTulnal 
being surrounded by other kinds of plants in exactly 
the same proportional numbers. For the surround- 
ing plants a^orb different amounts of various sub- 
stances from the soil, and thus greatly affect the 
nourishment and even the life of the individuals of 
any particular S|)eeie8. These will also be sha<led and 
otherwise affected by the nature of the surrounding 
plants. Moreover, seeds often lie dormant in the 
ground, and those which germinate during any one 
year will often have been matured during very different 
seasons. Seeds are widely dispersed by various means, 
and some will occasionally lie brought from distant 
stations, where their jiarents have grown under some- 
what different conditions, and the plants produced 
from such seeds will intercross with the old residents, 
thus mingling their constitutional peculiarities in all 
sorts of projxirtions. 

Plants when first subjected to culture, even in their 
native country, cannot fail to be exposed to greatly 
changed conditions of life,, more especially from 
growing in cleared ground, and from not having to 
comiiete with many or any surrounding plants. They 
are thus enabled to absorb whatever they require 
which the soil may contain. Fresh seeds are often 
brought from distant ganlens, where the parent- 
plants have been subjected to different conditions. 
Cultivated plants like those in a statu of nature 
frequently intercross, and will thus mingle their 
constitutional {leculiarities. On the other hand, as 
long as the individuals of any species are culti- 
vated in the same garden, they will apparently be 
subjected to more uniform conditions than plants in a 
state of nature, as tho individuals have not to compete 
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with yarious surrounding species. The seeds sown at 
the same time in a garden have generally been matured 
during the same season and in the same place ; and in 
this respect they differ much from the seeds sown by 
the hand of nature. Some exotic plants are not 
frequented by the native insects in their new home, 
and therefore are not intercrossed; and this appears 
to be a highly important factor in the individuals 
acquiring uniformity of constitution. 

In my experiments the greatest care was taken that 
in each generation all the crossed and self-fertilised 
plants should be subjected to the same conditions. 
Not that the conditions were absolutely the same, for 
the more vigorous individuals will have robbed the 
weaker ones of nutriment, and likewise of water when 
the soil in the ix)ts was becoming dry ; and both lots 
at one end of the pot will have received a little more 
light than those at the other end. In the successive 
generations, the plants were subjected to somewhat 
different conditions, for the seasons necessarily varied, 
and they were sometimes raised at different periods of 
the year. But as they were all kept under glass, they 
were exposed to far less abrupt and great changes of 
temperature and moisture than are plants growing out 
of doors. With respect to the intercrossed plants, their 
first parents, which were not related, would almost 
certainly have differed somewhat in constitution ; and 
such constitutional peculiarities would be variously 
mingled in each succeeding intercrosse<l generation, 
being sometimes augmented, but more commonly 
neutmlised in a greater or less degree, and sometimes 
revived through reversion ; just as wo know to be the 
case with the external characters of crossed species and 
varieties. With the plants which were self-fertilised 
during the successive generations, this latter important 
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source of »jiiie diversity of constitution will have been 
wholly eliminated ; and the sexual elements produced 
by the same flower must have been developed under as 
nearly the same conditions as it is possible to conceive. 

In Table C the crossetl plants are the offspring of a 
cross with a freih stock, or with a distinct variety; and 
they were j)ut into coni])etition either with self-fertilised 
plants, or with intercrossed plants of the same old stock, 
lly the tenii fresh stock I mean a non-related plant, 
the progenitors of which have been raised during some 
generations in another garden, and have consecjuently 
been exposed to somewhat different conditions. In the 
case of Nicotiana, Iberis, the red variety of Primula, the 
common Pea, and jierhaps Anagallis, the plants which 
were crossed may be ranked as distinct varieties or 
sub-varieties of the same spetdes ; but with Ipomoea, 
Mimulus, Dianthus, and Petunia, the plants which 
were crossed differed exclusively in the tint of their 
flowers ; and as a large pro]>ortiou of the plants raise<] 
from the same lot of purchased seeds thus varied, the 
differences may be estimated as merely individual. 
Having made these preliminary remarks, we will now 
consider in detail the several cases given in Table C, 
and they are well worthy of full consideration. 

(1.) Iponum purpurea. — I’lants growing in the same 
puts, and subjected in each generation to the same 
conditions, were intercrossed for nine consecutive 
generations. These interc'rossed plants thus became in 
the later generations more or less closely inter-related. 
Flowers on the plants of the ninth intercrossed genera- 
tion were fertilised with jwllen taken from a fresh 
Stock, and seedlings thus raised. Other flowers on the 
same intercro8se<l plants were fertilise<l with pollen 
from another intercrossed plant, producing seedlings of 
the tenth intercrosseTr generation. These two sets of 
8 
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seedlings were grown in competition » ith one another, 
and diflered greatly in height and fertility. For the 
offspring from the cross with a fresh stock excec<led in 
height the intercrosse<l plants in the ratio of lU0to78; 
and this is nearly the same excess which the inter- 
crossed had over the self-fertilised plants in all ten 
generations taken together, namely, ns 100 to 77. The 
plants raised from the cross with a fresh stock were 
also greatly superior .in fertility to the intercrossed, 
namely, in the ratio of 100 to 51, os jtidged by the 
relative weight of the seed-capsiiles ptwluced by an 
equal number of plants of the two sets, both having 
been left to be naturally fertilised. It should lie 
especially observed that none of the plants of either lot 
were the product of self-fertilisation. On the contrary, 
the intercrossed plants had certainly been crossed for the 
last ten generations, and probably, during all previous 
generations, as we may infer from the structure of the 
flowers and from the frequency of the visits of hiimble- 
bc€«. And so it will have been with the parent-plants 
of the fresh stuck. The whole great difference in height 
and fertility between the two lots must be attributed to 
tlu“ one lx;ing the product of a cross with jiollen from a 
fresh stock, and the other of a cross between plants of 
the same old stuck. 

Ibis 8]>ecies oflers another interesting case. In the 
five first generations in which intercrosswl and self- 
fertilised plants were put into cumjietition with one 
another, every single intercrossed plant beat its self- 
fertilised antagonist, except in one instance, in which 
they were e<iual in height. But in the sixth gene- 
ration a plant apfiearetl, named by me the Hero, re- 
markable for its tallness and inereastKl self-fertility, 
and which transmitted its characters to the next three 
generations. The children of Hero were again self- 
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fertilised, forming the eighth 8elf-fertilisc<l generation, 
and were likewise intercrossed one with another; but 
this cross between plants which had be<*n subjtcted 
to the same conditions an«l hail l)«*en self-fertilised 
during the seven previous generations, did not effect 
the least goo«l ; for the intereross(‘d grandchildren were 
actually shorter than the self-fertilised grandchildren, 
in the ratio of 100 to 107. Wo here see that the 
mere act of cn>s8ing two distinct ]>lants does not by 
itself benetit the offspring. This cast? is almost the 
converse of that in the last paragraph, in which the 
offspring profited so greatly by a cross with a fresh 
stuck. A similar trial was mode with the descendants 
of Hero in the following generation, and with the same 
result. Hut the trial cannot be fully trustinl, owing 
to the extremely unhealthy condition of the plants. 
Subject to this same serious cause of doubt, even a 
cross with a fresh stock did not lx*nefit the great- 
grandchildren of Hero; and if this were really the case, 
it is the greatest anomaly observed by me in all my 
exjMTiments. 

(2.) Mimulw luteus . — During the three first genera- 
tions the intercrossed plants taktm together exceeded 
in height the self-fertilise<l taken together, in the ratio 
of 100 to 65, and in fertility in a still higher degree. 
In the fourth generation a new variety, which grew 
taller and had whiter and larger tlowera than the old 
varieties, began to prevail, es|)ccially amongst tho stdf- 
fertilised plants. This variety transmitted its characters 
with it‘markable fidelity, so that all the plants in the 
lat«'r self-fertilised generations belonged to it. These 
consiHiuently exceedisl the intercrossed plants consider- 
ably in height. Thus in the si>venth generation the 
intercrossed plants were to the self-fertilised in height 
os 100 to 137. It is a more remarkable fact that tho 
s 2 
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self-fertilised pliints of the sixth generation had become 
much more fertile than the intercrosse<l plants, judging 
by the numlM-r of cajisules s]iuntaneou8ly produced, in 
the ratio of 147 to 100. This variety, which as we 
have set>n aj)peared amongst the plants of the fourth 
self-fertilised generation, resembles in almost all its 
constitutional jreculiarities the variety called Hero 
which appeared in the sixth self-fertiliserl generation 
^ of Iponuea. No other such case, with the jiartial ex- 
ception of that of Nicotiana, occurred in my experi- 
ments, carried on during eleven years. 

Two plants of this variety of Mimulus, belonging to 
the sixth self-fertilised generation, and growing in 
sefwrate j>ots, were intcrcrosserl ; and some flowers on 
the same plants were again self-fertilised. From the 
seeds thus obtained, plants derived from a cross 
Ix^tween the self-fertilised ])lants, and others of the 
seventh self-fertilised generation, were raised. Hut 
this cross did not do the least good, the intercrossed 
plants being inferior in height to the self-fertilised, in 
the ratio of 100 to 110. This case is exactly jiarallel 
with that given under Iiwmma, of the grandchildren 
ot Hero, and apj)arently of its great-grandchildren ; 
for the seisllings raised by intercrtissing these plants 
were not in any way suiR-rior to those of the cor- 
res]ionding generation raised from the self-fertilised 
flowers. Therefore in these several cases the crossing 
of plants, which had been self-fertilised for several 
generations and which had been cultivated all the 
time under as nearly as jxissible the same conditions, 
was not in the least beneficial. 

Another experiment was now trie<l. Firstly, plants 
of the eighth self-fertilised generation were again 
self fertilised, producing jdants of the ninth self- 
fertilised generation. Secondly, two of the plants of the 
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eighth self-fertilised generation were intercrossed one 
with another, as in the exj)criment above referred to; 
but this was now effected on plants which had been 
subjected to two additional generations of self-fer- 
tilisation. Thirdly, the same plants of the eighth sidf- 
fertilised generation were cro.ssed with pollen from 
plants of a fresh stock bnmght from a distant gartlen. 
Numerous plants were raised from these three sets of 
seeds, and grown in competition with one another. 
The plants derived from a cross Ijetween the self- fer- 
tilised plants e.xceeded in height by a little the self- 
fertilised, viz., as lot) to 02; ami in fertility in a greater 
degree, viz., as 100 to 711. I do not know whether 
this difference in the result, compared with that in the 
previous case, can be accounte<l for by the increased 
deterioration of the self-fertilised plants from two 
additional generations of self-fertilisation, and tlui 
consiHpient advantage of any cross whatever, although 
merely between the self-fertilised plants. But however 
this may be, the effects of crossing the self-fertiliswl 
plants of the eighth generation with a fresh stock were 
e.xtremely striking ; for the seedlings thus raise<l wen; 
to the self-fertilised of the ninth gimeration as 100 to 
52 in height, and as 100 to 3 in fertility ! They were 
also to the intercrossed plants (derived from crossing 
two of the self-fertilised plants of the eighth generation) 
in height as lOO to 50, and in fertility as 100 to 4. 
Better evidence could hardly be desired of the potent 
influence of a cross with a fresh stock on plants which 
had betm self-fertilised for eight generations, and had 
been cultivated all the time under nearly uniform 
conditions, in compari.son with plants self-fertilised 
for nine generations continuously, or then once inter- 
crossed, namely in the last generation. 

(3.) Brassica deracea . — Some flowers on cabbage 
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plants of the second self-fertilised generation were 
crossed with pollen from a i)lant of the same variety 
brought from a distant garden, and other flowers were 
again self-fertilised. Plants derived from a crtiss with 
a fresh stock and plants of the third self-fertilised 
generation were thus raised. The former were to 
the self-fertili.sed in weight as 100 to 22; and this 
enormous difference must be attributed in part to 
the beneficial effects of a cross with a fresh stock, 
and in j)art to the deteriorating effects of self-fertilisa- 
tion continued during three generations. 

(4.) Iheris umbellata. — Seedlings from a crimson 
English variety crossed by a pale-coloured variety 
which had been growm for some generations in Algiers, 
were to the self-fertilised seedlings from the crimson 
variety in height as 100 to 89, and as 100 to 75 in 
fertility. I am surprisetl that this cross with another 
variety did not produce a still more strongly marked 
beneficial effect ; for some intercrossed plants of the 
crimson English variety, put into competition with 
plants of the same variety self-fertilised during three 
generations, were in height as 100 to 86, and in 
fertility as 100 to 75. The slightly greater difference 
in height in this latter case, may jxissibly be attributed 
to the deteriorating effects of self-fertilisation carried 
on for two additional generations. 

(5.) E»ch»choltzia ealifomica . — This plant offers an 
almost unique case, inasmuch as the good effects of 
a cross are confined to the reproductive system. 
Intercrossed and self-fertilised plants of the English 
stock did not difler in height (nor in weight, as far as 
was ascertained,) in any constant manner ; the self- 
fertilised plants usually having the advantage. So it 
was with the offspring of plants of the Brazilian stock, 
tried in the same manner. The parent-plants, however. 
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of the English stock produced many more seeds when 
fertilised with [wllen from another plant than when 
self-fertilised; and in Brazil the parent-jilants were 
absolutely sterile unless they were fertilised with 
pollen from another plant. Intercrossefl seedlings, 
raised in England from the Brazilian stock, compared 
with self-fertilised seedlings of the corres|)onding second 
generation, yielded seetls in number us 100 to 89 ; Iwth 
lots of plants being left freely exposed to the visits of 
insects. If we now tuni to the effects of crossing 
plants of the Brazilian stock with pollen from the 
English stock, — so that phiuts which had been long 
exposed to very different conditions were intercrossed, 
— we find that the offspring were, as before, inferior in 
height and weight to the plants of the Brazilian stock 
after two generations of self-fertilisation, but were 
superior to them in the most marked manner in the 
number of seeds produced, namely, as 100 to 40 ; both 
lots of plants being left freely exjjosed to the visits of 
insects. 

In the case of Ipomoea, we have seen that the 
plants derived from a cross with a fresh stock were 
superior in height as 100 to 78, and in fertility as 100 
to 51, to the plants of the old stock, although these 
had been intercrossed during the last ten generations. 
With Eschscholtzia we have a nearly parallel case, 
but only as far as fertility is concerned, for the plants 
derived from a cross with a fresh stock were superior 
in fertility in the ratio of 100 to 45 to the Brazilian 
plants, which had been artificially intercrossed in 
England for the two last generations, and which must 
have been natunilly intercros.sed by insects during all 
previous generations in Brazil, where otherwise they 
are quite sterile. 

(0.) Dianthua caryophyllua.—VUnXa self-fertilised 
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for three generations were crossed with pollen from a 
fresh stock, and their offspring were grown in eomi>e- 
tition with plants of the fourth self-fertUised genera- 
tion. The crosse<l plants thus obtainetl were to the 
self-fertilisetl in height as 1(X) to 81, and in fertility 
(both lots being' left to be naturally fertilised by 
insects) as 100 to 33. 

These same crossed plants were also to the off- 
spring from the plants of the third self-fertilise<l gcme- 
ration crossed by the intercrossed plants of the eor- 
res|K)nding generation, in height as 100 to 85, and in 
fertility as 100 to 45. 

Wo thus see what a great advantage the offspring 
from a cross with a fresh stock had, not only over the 
self-fertilised plants of the fourth generation, but 
over the offspring from the self-fertilised plants of the 
third generation, when crossed by the intercrossed 
plants of the old stock. 

(7.) Pimm sativum . — It has been shown under the 
head of this species, that the several varieties in this 
country almost invariably fertilise themselves, owing 
to insects rarely visiting the flowers; and as the 
plants have been long cultivated under nearly similar 
conditions, we can understand why a cross Iwtween 
two individuals of the same variety does not do the 
least good to the oflspring either in height or fertility. 
This case is almost exactly panrllel with that of 
^limulus, or that of the lpomo?a named Hero ; for 
in these two instances, crossing plants which had been 
self-fertilised for seven generations did not at all 
benefit the offspring. On the other hand, a cross 
between two varieties of the jx-a causes a marked 
superiority in the growth and vigour of the oflspring, 
over the self-fertilised [>lants of the same varieties, 
as shown by two excellent observers. From my owti 
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ol«ervations (not made with great care) the offspring 
from crossed varieties were to self-fertilised plants in 
height, in one case as 100 to about 75, and in a second 
case as 100 to 00. 

(8.) Lathy run odoratus . — The sweet-pa is in the 
same state in regard to self-fertilisation as the common 
pa; and wo have seen tliat seedlings from a cross 
between two varieties, which differed in no respect ex- 
cept in the colour of their Howers, were to the self-ferti- 
lise<l secfllings from the same mother-plant in height as 
100 to 80 ; and in the second generation as 100 to 88. 
Unfortunately I did not ascertain whether crossing 
two plants of the same variety failed to produce any 
bcnedcial effect, but I venture to predict such would 
be the result. 

(0.) Petunia vidacea . — Tlio intercrossed plants of 
the same stock in four out of the five successive gene- 
rations plainly exceeded in height the self-fertilisetl 
plants. The latter in the fourth generation were 
crossed by a fresh stock, and the seedlings thus obtained 
were put into comptition with the self-fertilised plants 
of the fifth generation. The crossed plants exceede<i 
the self-fertilised in height iu the ratio of 100 to GO, 
and in weight as 100 to 23; but this difference, 
though so great, is not much greater than that between 
the intercrossed plants of the same stock in comprison 
witli the self-fertilisetl i)lants of the correspnding 
generation. This case, therefore, seems at first sight 
opposed to the rule that a cross w ith a fresh stock is 
much more beneficial than a cross between individuals 
of the same stt)ck. But as with llschscholtzia, the 
reprotluctivo system was here chiefly benefitetl; for 
tlic plants raised from the cross with the fresh stock 
were to the self-fertilised j)lants in fertility, both lots 
being naturally fertilised, as 100 to 40, whereas tho 
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intercrossed plunts of the stime stock wore to the self- 
fertilised plants of the corresjwnding fifth generation 
in fertility only as ItK) to 8(i. 

Although at the time of measurement the plants 
raised from the cross with the fresh stof^k did not 
exceed in height or weight the intercrossed plants of 
the old stock (owing to the growth of the former not 
having been completed, as explained under the head 
of this species), yet they exceeded the intercrossed 
plants in fertility in the ratio of 100 to 54. This fact 
is interesting, as it shows that plants self-fertilised 
for four generations and then crossed by a fresh stock, 
yielded seedlings which were nearly twice as fertile as 
those from plants of the same stock which had been 
intercrossed for the five previous generations. We 
here see, as with Eschscholtzia and Dianthus, that the 
mere act of crossing, independently of the state of the 
crossed plants, has little efficacy in giving increased 
fertility to the offspring. The same conclusion holds 
goo<l, as we have already seen, in the analogous cases of 
IfK>mcea, Jlimulus, and Dianthus, with respect to height. 

(10.) Nicotiana tahacum . — My plants were remark- 
ably self-fertile, and the capsules from the self-fertilised 
flowers apparently yielded more seeds than those which 
were cross-fertilised. No insects were seen to visit the 
flowers in the hothouse, and I suspect that the stock 
on which I experimented hud been raised under glass, 
and had been self-fertilised during several previous 
generations ; if so, we can understand why, in the course 
of three generations, the crossed seedlings of the same 
stock did not uniformly exceed in height the self-ferti- 
lised seedlings. But the ctise is complicated by indi- 
vidual plantshaving different constitutions, so that some 
of the crossed and self-fertili.sed seedlings raise<l at the 
same time from the same parents behaved difi’erently. 
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However this may be, plants raised from self-fertilised 
plants of the third generation crossed by a slightly 
diflenmt sul>-varicty, exceeded greatly in height and 
weight the self-fertiliscil plants of the fourth genera- 
tion ; and the trial was made on a large scale. They 
exceeded them in height when gn>wn in pots, and not 
much crowded, in the ratio of 100 to 66 ; and when 
much crowded, as 100 to 54. These crosse<l plants, when 
thus 8ubjecte<l to severe competition, also exceeded 
the self-fertilised in weight in the ratio of 100 to 37. 
So it was, but in a less degree (as may be seen in 
Table C), when the two lots were grown out of doors 
and not subjected to any mutual competition. Never- 
theless, strange as is the fact, the flowers on the 
mother-plants of the third self-fertilised generation 
did not yield more seed when they were crossed with 
pollen from plants of the fresh stock than when they 
were self-fertilised. 

(11.) Anagallis eollina . — Plants raised from a red 
variety crossed by another plant of the same variety 
were in height to the self-fertilised plants from the 
red variety as 100 to 73. When the flowers on the 
red variety were fertilised with pollen from a closely 
similar blue-flowered variety, they yielded double the 
number of seeds to what they did when crossed by 
pollen from another individual of the same red variety, 
anil the seeds were much finer. The plants rais^ 
from this cross between the two varieties were to the 
self-fertilised seedlings from the red variety, in height 
as 100 to 66, and in fertility us 100 to 6. 

(12.) Primula veris . — Some flowers on long-styled 
plants of the third illegitimate generation were legiti- 
maU'ly crossed with i>otten from a fresh stock, and 
others were fertilised with their own pollen. From 
the seeds thus jirodiicod crossed plants, and self- 
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fertilised plants of the fourth illegitimate generation, 
were raised. The former were to the latter in 
height as 100 to 46, and in fertility during one 
year as 100 to 5, and as 100 to 3' 5 during the next 
year. In this case, however, we have no means of 
distinguishing between the evil effects of illegitimate 
fertilisation continued during four generations (that is, 
by pollen of the same form, but taken from a distinct 
]>lant) and strict self-fertilisation. But it is probable 
that these two processes do not differ so essentially as 
at first appears to be the case. In the following ex- 
periment any doubt arising from illegitimate fertilisa- 
tion was completely eliminated. 

(13.) Primula verts. (Equal-styled, led-flowered 
variety). — Flowers on plants of the second self-fertilised 
generatiitn were crossed with iwllen from a distinct 
variety or fresh stock, and others were again self- 
fertilised. Crossed plants and plants of the third self- 
fertilised generation, all of legitimate origin, were 
thus raised ; and the former was to the latter in height 
as 100 to 85, and in fertility (as judged by thenumljer 
of capsules produced, together with the average number 
of seeds) ns 100 to 11. 

Summary of the Measurements in Talie C . — This 
table includes the heights and often the weights of 
202 plants derived from a cross with a fresh stock, 
and of 305 plants, either of self-fertilised origin, or 
derivetl from an intercross between plants of the same 
stock. These 597 j)lants belong to thirteen species 
and twelve genera. The various precautions which 
were taken to ensure a fair comparison have already 
l)een stated. If we now look down the right-hand 
column, in which the mean height, weight, and 
fertility of the jdants derived from a cross with 
a fresh stock are represented by 100, we shall see 
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by the other figures how wonderfully superior they 
are both to the self-fertilised and to the intererosseii 
plants of the same stock. With respect to height and 
weight, there arc only two exceptions to the rule, 
namely, with Eschscholtzia and Petunia, and the 
latter is probably no real exception. Nor do these 
two sjKjcies offer an excej>tion in regard to fertility, 
for the plants derived from the cross with a fresh stock 
were much more fertile than the self-fertilised plants. 
The diflerence lietween the two sets of plants in the 
table is generally much greater in fertility than in 
height or weight. On the other hand, witli some of 
the species, as with Nicotianu, there was no diflerence 
in fertility between the two sets, although a great dif- 
ference in height and weight. Considering all the 
cases in this table, there can be no doubt that plants 
profit immensely, though in diflerent ways, by a cross 
with a fresh stock or with a distinct sub-variety. It 
cannot be maintained that the benefit thus deriml is 
due merely to the plants of the fresh stock Iwiiig jier- 
fectly healthy, whilst those which had been long inter- 
crossed or self-fertilised hatl bi*come unhealthv ; for in 
most cases there was no appearance of such unhealthi- 
nes.s, and we shall see under Table A that the inter- 
crossed plants of the same stock are generally siijK-rior 
to a certain extent to the self-fertilised,— both lots 
having been subjected to e.xactly the same conditions 
and being e<jually healthy or unhealthy. 

We further learn from Table C, that a cross between 
plants that have been self-fertilised during several 
successive generations and ke{it all the time under 
nearly uniform conditions, does not benefit the offsjwing 
in the least or only in a very slight degree. Jlimulus 
and the descendants of Ipomcoa named Hero offer 
instances of this rule. Again, i)lants self-fertilised 
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(luring several generations profit only to a small extent 
by a cross with intercrossed plants of the same stock 
(as in the case of Dianthus), in comparison with the 
effects of a cross by a fresh stock. Plants of the same 
stock intercrossed during several generations (as with 
Petunia) were inferior in a marked manner in fertility 
to those derived from the corresponding self- fertilised 
])lants crossed by a fresh stock. Lastly, certain plants 
which are regiUarly intercrossed by insects in a state 
of nature, and which were artificially crossed in each 
succeeding generation in the course of my experi- 
ments, so that they can never or most rarely have 
suffered any evil from self-fertilisation (as with Esch- 
scholtzia and Ipomoea), nevertheless profited greatly 
by a cross with a fresh stock. These several cases 
taken together show us in the clearest manner that it 
is not the mere crossing of any two individuals which 
is beneficial to the oft'spring. The benefit thus derived 
depends on the plants which arc united differing in some 
manner, and there can hardly be a doubt that it is 
in the constitution or nature of the sexual elements. 
Anyhow, it is certain that the differences are not of an 
external nature, for two plants which resemble each 
other as closely as the individuals of the same species 
ever do, profit in the plainest manner when inter- 
crossed, if their progenitors have been exposed during 
several generations to different conditions. But to this 
latter subject I shall have to recur in a future chapter. 
Table A. 

We will now turn to our first table, which re- 
lates to crossed and self-fertilised plants of the same 
stock. Those consist of fifty-four species belonging to 
thirty natural orders. The total number of crossed 
plants of which measurements are given is 79(5, and 
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of self-fortiliswl plants 809 ; that is altogether 1,60a 
plants. Some of the species were experimentetl on 
during several successive generations; and it should 
be borne in mind that in such cases the crossed plants, 
in e«ich generation were crossed with {lollen from 
another crossed plant, and the flowers on the self- 
fertilised plants were almost always fertilised with 
their own pollen, though sometimes with |>ollen from 
»)ther flowers t>n the same plant. The crossed plants thus 
became more or less closely iuter-related in the later 
generations ; and both lots were subjected in each ge- 
neration to almost absolutely the same conditions, and 
to nearly the same conditions in the successive gene- 
rations. It would have been a better plan in some re- 
s{iects if I hod always crossed some flowers either on the 
self-fertilise<l or intercrossed plants of each generation 
with pollen from a non-related plant, grown under dif- 
ferent conditions, os was done with the plants in Table 
C; for by this procedure I should have leanit how much 
the offspring Un^me deteriorated through continued 
self-fertilisation in the successive generations. As the 
case stands, the self-fertilised plants of the successive 
generations in Table A were put into comjMititiun with 
and cotn|Nire<l with intercrossed plants, which were 
probably ileteriorated in some «legree by being more 
or less inter-related ami grown under similar conditions. 
Nevertheless, had I always followed the plan in Table 
C, I should nf)t have discovered the ini|Hirtant fact 
that, although a cross ladween plants which are rather 
closely related and which had been subjected t<> 
closely similar eomlitions, gives during several genera- 
tions 8«>me advantage to the offspring, yet that after a 
time they may be intercrossed with no advantage what- 
ever to the offspring. Nor should I have learnt that 
the self-fertilised plants of the later generations might 
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be crossed with intercrossed plants of the same stock 
with little or no advantaf^e, although they profited to 
an extraordinary degree by a cross with a fresh stock. 

With respect to the greater numlwr of the plants 
in Table A, nothing special need here be said ; full 
particulars may be found under the head of each 
si)ccies by the aid of the Index. The figures in the 
right-hand column show the mean height of the self- 
fertilised plants, that of the crossed plants with which 
they competed being represented by 100. No notice 
is here taken of the few cases in which crossed and 
self-fertilised plants were grown in the open ground, 
so as not to compete together. The table includes, 
as we have seen, plants belonging to fifty-four sjwcies, 
but as some of these were measured during several 
successive generations, there are eighty-three cases in 
which crossed and self-fertilised plants were compared. 
As in each generation the number of plants which 
were measured (given in the table) was never very large 
and sometimes small, whenever in the right-hand 
column the mean height of the crossed and self-fertilised 
plants is the same within five per cent., their heights 
may be considered as practically equal. Of such cases, 
that is, of self-fertilised plants of which the mean 
height is expressed by figures between 95 and 105, 
there are eighteen, either in some one or all the gene- 
rations. There are eight eases in which the self- 
fertilised plants exceed the crossed by almve five per 
cent., as shown by the figures in the right-hand column 
being above 105. Lastly, there are fifty-seven cases 
in which the crossed plants exceed the self-fertilised in 
a ratio of at least 100 to 95, and generally in a much 
higher degree. 

If the relative heights of the crossed and self-fertilised 
plants had been due to mere Ohance, there would have 
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been about as many cases of self-fertilised plants 
exceeding the crossed in height by above live jicr cent, 
as of the crossed thus exceeding the self-fertilised ; but 
we see that of the latter there are fifty-seven cases, and 
of the former only eight cases ; so that the cases in 
which the crossed plants exceed in height the self- 
fertilise<l in the above proportion are more than seven 
times as numerous as those in which the self-fertilised 
exceed the crossed in the same proportion. For our 
special purpose of comjMiring the powers of growth 
of crosst^l and self-fertilised plants, it may be said 
that in fifty-seven cases the crossed plants exceeded 
the self-fertilised by more than five per cent., and that 
in twenty-six cases (18-1-8) they did not thus exceed 
them. But we shall now show that in several of these 
twenty-six cases the crossed plants had a decided ad- 
vantage over the self-fertilised in other respects, though 
not in height ; that in other eases the mean heights 
are not trustworthy, owing to too few plants having 
been measured, or to their having grown unequally 
from being unhealthy, or to both causes combined. 
Nevertheless, as these cases are opposed to my general 
conclusion 1 have felt bound to give them. La.stly , the. 
cause of the crossed plants having no advantage over 
the self-fertilised can be explained in some oth(>r cases. 
Thus a very small residue is left in which the self- 
fertilised plants appear, os far as my experiments 
serve, to be really equal or sui>erior to the crosstnl 
plants. 

We will now consider in some little detail the eigh- 
teen cases in which the self-fertilised plants equalled 
in average height the crossed plants within five per 
cent. ; and the eight cases in which the self-fertilised 
plants exceeded in average height the crossed plants 
by above five j>er cent, f making altogether twenty-six 
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cases in which the cros.sed plants were not toller than 
the 8elf-fertilise<l plants in any marked degree. 

(1.) nUmthtu onryophylluM (third genmUion).— Thin plant was 
oxi)prinientcd on during four generations, in three of which the 
crossed plants exceeded in height the self-fertilised generally hy 
much more than five per cent, ; and we have seen under TaWe 
C that the offspring from the plants of the third self-fertilised 
generation crowed hy a fresh stock profited in height and fer- 
tility to an extraonlinary degree. Hut in this third generation 
the crossed plants of the same stock were in height to the self- 
fertilised only as 100 to 99, that is, they were practically equal. 
Nevertheless, when the eight crossed and eight sclf-fortiliBed 
plants were cut down and weighed, the former were to the latter 
in weight as 100 to *49! There can therefore be not the least 
doubt that the crossed plants of this species are greatly superior 
in vigour and luxuriance to the self-fertilised ; and what was the 
cause of the self-fertilised plants of the third generation, though 
so light and thin, growing up so as almost to equal the crossed 
in height, I cannot explain. 

(2.) Lobelia fulgent (frit generation).— the crossed jdanta of 
this generation were much inferior in height to the self-fertilised, 
in the proportion of 100 to 127. Although only two pairs were 
measu^, which is obviously much too few to he trusted, 
yet from other evidence given under the head of this species, 
it is certain that the self-fertilised plants were very much 
more vigorous than the crossed. As I used pollen of unequal 
maturity for crossing and self-fertilising the parent-plants, it is 
possible that the great difference in the growth of their offspring 
may have been due to this cause. In the next generation this 
source of error was avoided, and many more plants were raised, 
and now the average height of the twenty-three crossed plants 
was to that of the twenty-three self-fertilisrf plants as 100 to 91. 
Wo can therefore hardly doubt that a cross is beneficial to this 
species. 

(3.) Petunia violneea (third generation). — Eight crossed plants 
were to eight self-fertilised of the third generation in average 
height as 100 to 131; and at an early ago the crossed were 
inferior even in a still higher degree. But it is a remarkable 
fact that in one pot in which plants of both lots grew extremely 
crowded, the crossed were thrice as tall as the self-fertilised. As 
in the two preceding and two succeeding generations, as well as 
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with plants raised by a cross with a fresh stock, the crossed 
greatly exceeded the self-fertilised in height, weight, and fertility 
(when these two latter points were attended to), the promnt case 
most be looked at as an anomaly not affecting the general rule. 
The most probable explanation is that the seeds from which 
the self-fortilised plants of the third generation wore raised 
W(!ro not well ripened ; for I have observed an analogous case 
with Iberis. Self-fertilised seedlings of this latter plant, which 
wore known to have been produced from needs not well matured, 
grew from the first much more quickly than the crossed plants, 
which were raised from lietter matured seeds ; so that having 
thus once got a groat start they were enabled ever afterwards to 
retain their advantage. Some of these same seeds of the Iberis 
were sown on the opposite sides of pots filled with burnt earth 
and pure sand, not containing any organic matter; and now the 
young crossed seedlings grow during their short life to double 
the height of the self-fertilised, in the same manner as occurred 
with the above two sete of seedlings of Petunia which were much 
crowded and thus exposed to very unfavourable conditions. We 
have seen also in the eighth generation of Ipomma that self- 
fertilised seedlings raised from unhealthy parents grew at first 
very much more quickly than the crossed seedlings, so that they 
wore for a long time much taller, though ultimately beaten by 
them. 

(4, 5, 6.) EKhmAoltzia cof/orsioa.— Four sets of measure- 
ments are given in Table A, In one of these the crossed plants 
exceed the self-fertilised in average height, so that this is not 
one of the exceptions here to be considered. In two other 
cases the crossed equalled the self-fertilised in height within five 
per cent. ; ami in the fourth case the self-fertilised exceeded the 
crossed by above this limit We have s»*n in Table C that the 
whole advantage of a cross by a fresh stock is confined to ferti- 
lity, and so it was with the intercrossed plants of the same stock 
compannl with the self-fertilised, for the former were in fertility 
to the latter as 100 to 89. The intercrossed plants thus have at 
least one important advantage over the self-fertilised. Moreover, 
the fiowors on the parent-plants when fertilised with pollen from 
another individual of the same stock yiekl far more seeds than 
when self-fertilised ; the fioa-ers in this latter case being often 
quite sterile. We may therefore conclude that a cross does some 
good, though it does not give to the crossed seedlings increased 
powers of growth. 

T 2 
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(7.) Yincaria oc«7a<a.— The average height of the fifteen inter- 
crossed plants to that of the fifteen self-fertilised plants was only 
as 100 to 97 ; but the former produced many more capsules than 
the latter, in the ratio of 100 to 77. Moreover, the flowers on the 
parent-plants which were crossed and self-fertilised, yielded seeds 
on one occasion in the proportion of 100 to 38, and on a second 
occasion in the proportion of 100 to 58. So that there can be 
no doubt about the beneficial effects of a cross, although the 
mean height of the crossed plants was only three per cent above 
that of the self-fertilised plants. 

(8.) Specularia siiecuhim . — Only the four tallest of the crossed 
and the four tallest of the self-fertilised plants, growing in four 
pots, were measured ; and the former were to the latter in height 
as 100 to 98. In all four pots a crossed plant flowered before 
any one of the self-fertilised plants, and this is usually a safe 
indication of some real superiority in the crossed plants. The 
flowers on the porent-plants which were crossed with pollen from 
another plant yielded seeds compared with the self-fertilised 
flowers in the ratio of 100 to 72. We may therefore draw the 
same conclusion as in the last case with respect to a cross being 
decidedly beneficial. 

(9.) liorago officindlu—OnXy four crossed and four self- 
fertilised plants were raised and measured, and the former were 
to the latter in height as 100 to 102. So small a niunber of 
measurements ought never to bo trusted ; and in the present in- 
stance the advantage of the aclf-fertiUsed over the crossed plants 
depended almost entirely on one of the self- fertilised plants 
having grown to an unusual height. All four crossed plants 
flowered before their self-fertilised oi>ponents. The cross- 
fertilised flowers on the parent-plants in comparison with the 
self-fertilised flowers yielded seetls in the proportion of 100 to 60. 
So that here again we may draw the same conclusion as in the 
two last cases. 

(10.) Pasnflora yrooVi*.— Only two crossed and two self- 
fertiliwd plants were raised ; and tlie former were to the latter in 
height as 100 to 104. On the other hand, fruits from the cross- 
fertilised flowers on the parent-plants contained seeds in number, 
compared with those from the self-fertilised flowers, in the pro- 
portion of 100 to 85. 

(11.) PhcueolM muHiJlorm.—i:be five crossed plants were to 
the five self-fertilised in height as 1(X) to 96. Although the 
crossed plants were thus only four per cent taller than the 
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self-fertilised, they flowered in both pote before them. It is 
therefore prolnbie that they had some real advantage over the 
self-fertilised plants. 

(12.) AJonii oestivaliii . — The four crossed plants were almost 
ejcactly equal in height to the four self-fertilised plants, but as 
so few plants were measured, and as these were all “ miserably 
unhealthy,” nothing can bo inferred with safety with respect to 
their relative heights. 

(13.) Bartonia aurea . — The eight crossed plants were to the 
eight self-fertilised in height as 100 to 107. This number of 
plants, eonsidering the care with which they were raised and 
compared, ought to have given a trustworthy result. But from 
some unknown cause they grew very unequally, and they be- 
came so unhealthy that only three of the crosse<l and three 
of the self-fertilised plants set any seeds, and these few in 
number. Under these circumstances the mean height of neither 
lot can be trusted, and the experiment is valueless. The cross- 
fertilised flowers on the parent-plants yielded rather morn seeds 
than the self-fertilised flowers. 

(14.) Tliunbergia alata . — The six crossed plants were to the 
six self-fertilised in height as 100 to 108. Here the self-fertilised 
plants seem to have a decided advantage ; but both lots grew 
unequally, some of the plants in both being more than twice as 
tall as others. The parent-plants also wore in an odd semi- 
sterile condition. Under these circumstances the superiority of 
the self-fertilised plants cannot be fully trusted. 

(15.) Nolanaprostraia . — The five crossed plants were to the five 
self-fertilised in height as 100 to 105 ; so that the latter seem 
here to have a small but decided advantage. On the other hand, 
the flowers on the )>arent-plante which were cross-fertilised 
produced very many more capsules than the self-fertilised flowers, 
in the ratio of 100 to 21 ; and the seeds which the former con- 
tained were heavier than an equal number from the self-fertilised 
capsules in the ratio of 100 to 82. 

(16.) Hibucu* africanus . — Only four pairs were raised, and the 
crossed were to the self-fertilised in height as 100 to 109. 
Excepting that too few plants wore measured, I know of nothing 
else to cause distrust in the result. The cross-fertilised 
flowers on the parent-plants were, on the other band, rather 
more productive tlrnn the self-fertilised flowers. 

(17.) Apium peirnselimim . — A few plants (number not re- 
corded) derived from flowers lielievcd to Imvo been crossed by 
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insects nnd a few self-fertilised plants were prown on the opposite 
sides of four pots. They attained to a nearly equal height, the 
crossed having a very slight advantage. 

(18.) VandelUa nummulari/olia . — Twenty crossed plants raised 
from the seeds of perfect flowers were to twenty self-fertilised 
plants, likewise raised from the seeds of |>crfect flowers, in height 
as 100 to D9. The experiment was repeated, with the sole 
diffureuce that the plants wore allowed to grow more crowded ; 
and now the twenty-four tallest of the crossed plants were to 
the twenty-four tallest self-fertilised plants in height as 100 to 
94, and in we.ght as 100 to 97. Moreover, a larger number of the 
crossed than of the self-fertilised plants grew to a moderate 
height. The above-mentioned twenty crossed plants were also 
grown in competition with twenty self-fertilised plants raised 
from the closed or cleistogene flowers, and their heights were as 
100 to 94. Therefore had it not been for the first trial, in which 
the crossed plants were to the self-fertilised in height only as 
100 to 99, this species might have been classed with’ those in 
which the crossed plants exceed the self-fertilised by above five 
per cent On the other hand, the crossed plants in the second 
trial liore fewer capsules, and these contained fewer seeds, than 
did the self- fertilised plants, all the capsules having been 
produced by cleistogene flowers. The whole case therefore must 
be left doubtful. 

(19.) Pimm mtivum (common pea). — Four plants derived from 
a cross between individuals of the same variety were in height 
to four self-fertilised plants liclonging to the same variety as 100 
tolls. Although tliis cross did no good, wo have seen under 
Table 0 that a cross between distinct varieties a<lds greatly to 
the height and vigour of the offspring ; nnd it was there explained 
that the fact of a cross between the individuals of the same variety 
not being beneficial, is almost certainly due to their having been 
self-fertilised for many generations, and in each generation 
grown under nearly similar conditions. 

(20, 21, 22.) Vaima wartetwicti . — Plants belonging to three 
generations were observed, and in all of three the crossed wore 
approximately equal to the self-fertilised ; the average height of 
tlie thirty-four crossed plants being to that of the same numlw 
of self-fertilised plants as 100 to 101. Therefore the crossed 
plants had no advantage over the self-fertilised ; and it is pro- 
bable that the same explanation here holds good os in the case 
of Pitmn Ktlioum ; for the flowers of this Canna are iHjrfoctly 



© The Comolete Work of Charles Darwin Online 



Chap. VII. 



TABLE A. 



279 



self-fertile, and were never seen to be visited by insects in the 
hothouse, so as to be crossed by them. This plant, moreover, 
has been cultivated under gloss for several generations in pots, 
and therefore under nearly uniform conditions. The capsules 
produced by the cross-fertilised flowers on the above thirty-four 
crossed plants contained more seeds than did the capsules 
produced by the self-fertilised flowers on the self-fertilised plants, 
ill the proportion of 100 to 85 ; so that in this respect crossing 
was toicticial. 

(23.) Primula sinensii . — The offepring of plants, some of 
which were legitimately and others illegitimately fertilised with 
pollen from a distinct plant, were almost exactly of the same 
height as the offspring of self-fiTtiliscd plants; but the former 
with rare exceptions flowered before the latter. I have shown 
in my paper on dimorphic plants that this species is commoiily 
raised in England from self-fertilised seed, and the plants from 
liaving been cultivated in pots have been subjoefed to nearly 
uniform conditions. Moreover, many of them are now varying 
and changing their character, so os to become in a greater or 
less degree equal-styled, and in consequence highly self-fertile. 
Therefore I believe that the cause of the crossed plants not 
exceeding in height the self-fertilised is the same os in the two 
previous cases of Pisum sniivum and Ganna. 

(24, 25, 26.) Nicotiaua ioJacum.— Four sets of measurements 
wore made ; in one, the self-fertilised plants greatly exceeded in 
height the crossed, in two others they were a]>proximatcly equal 
to the crossed, and in the fourth were beaten by them ; but this 
latter case does not here concern us. The individual plants 
differ in constitution, so that the descendants of some profit by 
their {larents having been intercrossed, whilst others do not. 
Taking all three generations together, the twenty-seven crossed 
plants were in height to the twenty-seven self-fertilised plants as 
100 to 96. This excess of height in the crossed plants, is so 
small compared with that displayed by the offspring from the 
same mother-plants when crossed by a slightly different variety, 
that wo may suspect (as explained under Table C) that most of 
the individuals belonging to the variety which served as the 
mother-plants in my experiments, hail acquired a nearly similar 
constitution, so as not to profit by being mutually intercrossed. 

Keviewing these twenty-six cases, in which the 
crossed plants either do not exceed the self-fertilised 
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by above five per cent, in height, or are inferior to 
them, we miiy conclude that much tlie greater number 
of the cases do not form real exceptions to the rule, 
— that a cross between two plants, unless these have 
been self-fertilised and exposed to nearly the same 
conditions for many genen\tions, gives a great 
advantage of some kind to the offspring. Of the 
twenty-six cases, at least two, namely, those of Adonis 
and Bartonia, may l)e wholly excluded, as the trials 
were worthless from the extreme unhealthiness of the 
plants. In twelve other cases (three trials with Esch- 
scholtzia here included) the crossed plants either were 
superior in height to the self-fertilised in all the other 
generations excepting the one in question, or they 
showed their superiority in some different manner, as 
in weight, fertility, or in flowering first ; or again, the 
cross-fertilised flowers on the mother-plant were much 
more productive of seed than the self-fertilised. 

Deducting these fourteen cases, there remain twelve 
in which the crossed plants show no well-marked 
advantage over the stdf-fertilised. On the other hand, 
we have seen that there are fifty-seven cases in which 
the crossed plants exceed the self-fertilised in height 
by at least five per cent., and generally in a much 
higher degree. But even in the twelve cases just 
referred to, the want of any advantage on the crossed 
side is far from certain : with Thunljergia the parent- 
plants were in an odd semi-sterile condition, and the 
offspring grew very unequally; with Hibiscus and 
Apium much too few plants were raised for the measure- 
ments to be trusted, and the cross-fertilised flowers of 
Hibiscus produced rather more seed than did the self- 
fertilised ; with Yandellia the crossed plants were a 
little taller and heavier than the self-fertilised, but as 
they were less fertile the case must be left doubtful. 
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Lastly, with Pisum, Primula, the three generations of 
Canna, and the three of Nicotiana (which together 
complete the twelve cases), a cross between two plants 
certainly di»l no good or very little good to the oflf- 
spring ; but we have reason to believe that this is the 
result of these plants having been self-fertilised and 
cultivate^l under nearly uniform conditions for several 
generations. The same result followed with the experi- 
mental plants of Ipomoca and Mimulus, and to a certain 
extent with some other species, which had been inten- 
tionally treated by me in this manner; yet we know that 
these species in their normal condition profit greatly by 
being intercrossed. There is, therefore, not a single 
cose in Table A w hich affords decisive evidence against 
the rule that a cross between plants, the progenitors of 
which have been subjected to somewhat diversified 
conditions, is beneficial to the offspring. This is a 
surprising conclusion, for from the analogy of domesti- 
cated animals it could not have been anticipated, that 
the good effects of crossing or the evil effects of self- 
fertilisation would have been perceptible until the 
plants had been thus treated for several generations. 

The results given in Table A may be looked at 
under another point of view. Hitherto each genera- 
tion has been considered as a se|iarate case, of which 
there are eighty-three ; and this no. doubt is the more 
correct method of comparing the crossed and self- 
fertilise<l plants. 

But in those cases in which plants of the same 
species were observed during several generations, a 
general average of their heights in all the generations 
together may be made ; and such averages are 
given in Table A ; for instance, under Ipomoca the 
general average for the plants of all ten generations 
is as 100 for the crossed, to 77 for the self-fertilised 
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plants. This having been done in each case in which 
more than one generation was rais^, it is easy to 
calculate the average of the average heights of the 
crossed and self-fertilised plants of all the species 
included in Table A. It should however be observed 
that as only a few plants of some species, whilst a 
considerable number of others, were measured, the 
value of the mean or average heights of the several 
species is very different. Subject to this source of 
error, it may be worth while to give the mean of the 
mean heights of the fifty-four species in Table A ; and 
the result is, calling the mean of the mean heights 
of the crossed plants 100, that of the self-fertilised 
plants is 87. But it is a better plan to divide the 
fifty-four sj>ecies into three groups, as was done with 
the previously given eighty-three eases. The first 
group consists of species of which the mean heights 
of the self-fertilised plants are within five per cent, 
of 100 ; so that the crossed and self-fertilis^ plants 
are approximately equal; and of such species there 
are twelve about which nothing need be said, the 
mean of the mean heights of the self-fertilised being 
of course very nearly 100, or exactly 99 -58. The 
second group consists of the species, thirty-seven in 
number, of which the mean heights of the crossed 
plants exceed that of the self-fertilised plants by 
more than five per cent.; and the mean of their 
mean heights is to that of the self-fertilised i)lants 
as 100 to 78. The third group consists of the species, 
only five in number, of which the mean heights of 
the self-fertilised plants exceed that of the crossed by 
more than five per cent. ; and here the mean of the 
mean heights of the crossed plants is to that of the 
self-fertilised as 100 to 109. Therefore if we exclude 
the species which are approximately equal, there are 
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tliirty-soven 8])ocie8 in which the mean of the mean 
hcipiits of the crossed {daiits exceeds that of the self- 
fertilise<I by twenty-two |»er cent. ; whereas there are 
only five species in which the mean of the mean heights 
of the self-fertilised plants exceeds that of the crossed, 
and this only by nine per cent. 

The truth of the conclusion — that the good effects of 
a cross de{)end on the plants having been subjected 
to different conditions or to their belonging to differ- 
ent varieties, in both of which cases they would almost 
certainly differ somewhat in constitution — is sup])orted 
by a eomiau-ison of the Tables A an<l C. The latter 
bible gives the results of crossing plants with a fresh 
stock or with a distinct variety ; and the superiority of 
the crossed offspring over the self-fertilis^ is here 
much more general and much more strongly marked 
than in Table A, in which plants of the same stock 
were crossed. We have just seen that the mean of the 
mean heights of the crossed plants of the whole fifty- 
four species in Table A is to that of the self-fertilis^ 
jilants us 100 to 87 ; whereas the mean of the mean 
heights of the plants crossed by a fresh stock is to that 
of the self-fertilised in Table C as 100 to 74. So that 
the crossed plants beat the self-fertilised plants by 
thirteen per cent, in Table A, and by twenty-six per 
cent., or double as much, in Table C, which includes 
the results of a cross by a fresh stock. 

Table B. 

A few words must be added on the weights of 
the crosscHl plants of the same stock, in comparison 
with the self-fertilised. Eleven cases are given in 
Table B, relating to eight species. The niiniber of 
plants which were weighed is shown in the two left 
columns, and their relative weights in the right 
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column, that of the crossed plants being taken as 
100. A few other cases have already been recorded 
in Table C in reference to plants crossed by a fresh 
stock. I regret that more trials of this kind were not 
made, as the evidence of the superiority of the crossed 
over the self-fertilised plants is thus shown in a more 
conclusive manner than by their relative heights. But 
this plan was nut thought of until a rather late period, 
and there were difficulties in the way, as the seeds 
had to be collected when ripe, by which time the plants 
had often begun to wither. In only one out of the 
eleven cases in Table B, that of Eschscholtzia, do the 
self-fertilised plants exceed the crossed in weight ; and 
we have already seen they are likewise superior to them 
in height, though inferior in fertility, the whole ad- 
vantage of a cross being here confined to the repro- 
ductive system. With Vandellia the crossed plants 
were a little heavier, as they were also a little taller 
than the self-fertilised; but as a greater number of 
more productive capsules, were produced by the cleis- 
togene flowers on the self-fertilised plants than by 
those on the crossed plants, the case must be left, as 
remarked under Table A, altogether doubtful. The 
crossed and self-fertilised offspring from a partially 
self-sterile plant of Reseda odorata were almost equal 
in weight, though not in height. In the remaining 
eight cases, the crossed plants show a wonderful 
superiority over the self-fertilised, being more than 
double their weight, except in one case, and here 
the ratio is as high as 100 to 67. The results thus 
deduced from the weights of the plants confirm in a 
striking manner the former evidence of the beneficial 
effects of a cross between two plants of the same stock ; 
and in the few cases in which plants derived from a 
cross with a fresh stock were weighed, the results are 
similar or even more striking. 
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CHAPTER VIII. 

DutEBEXCE BETWEES CnWSED ABO SELF-rEBTILIEED PlA-XTI DI 
CoxEmmosAL Vigocb abd ix otbeb bwbcts. 

Greater conatitntional Tigonr of rroawd plant*— The effucU of great 
crowding — Oompetitiun with other kind* of plant*— Bolf-fcrtiliaed 
plant* more liable to premature death — Croeaed plant* generally 
flower before the aeir-fertilued — Negatire eflect* of intercroaatng 
flower* on the *ume plant— Ca*e* deaeribed- Ttunamiiainn of tlie 
good eflbct* of a cm** to later genention*— Kfluet* of croiHinK 
pLint* of cloecly rehited parentage — Unilorm onlonr of the flower* 
on plant* •rlf-fertiliaed daring eeveral generation* and cultiTated 
under *imilar condition*. 



Greater eonstiiutiorial Vigour of crossed Plants . — As in 
almost all my experiments an equal number of crossed 
and self-fertilised seeds, or more commonly seedlings 
just beginning to sprout, were planted on the oppo- 
site sides of the same pots, they had to compete 
with one another ; and the greater height, weight, and 
fertility of the crossed plants may be attributed to 
their possessing greater innate constitutional vigour. 
Generally the plants of the two lots whilst very young 
were of equal height; but afterwards the crossed 
gaine<l insensibly on their opponents, and this shows 
that they jwssessed some inherent superiority, though 
not displayed at a very early period of life. There 
were, however, some conspicuous exceptions to the 
rule of the two lots being at first equal in height ; thus 
the crossed see<llings of the broom (Sarothamnus 
scoparius) when under three inches in height were more 
than twice as tall as the self-fertilised plants. 
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After the crossed or the self-fertilised plants had 
once grown decidedly taller than their opponents, a 
still increasing advantage would tend to follow 
from the stronger plants robbing the weaker ones 
of nourishment and overshadowing them. This was 
evidently the case with the crossed plants of Vida tri- 
color, which ultimately quite overwhelmed the self- 
lertilised. But that the crossed plants have an inherent 
superiority, independently of competition, was some- 
times well shown when both lots were planted 
separately, not far distant from one another, in good 
soil in the open ground. This was likewise shown in 
several cases, even with plants growing in close compe- 
tition with one another, by one of the self-fertilised 
plants exceeding for a time its crossefl opponent, which 
had been injured by some accident or was at first 
sickly, but being ultimately conquered by it. The 
plante of the eighth generation of Ipomoea were raised 
from small seeds produced by unhealthy parents, and 
the self-fertilised plants grew at first very rapidly, 
so that when the plants of both h)ts were about three 
feet in height, the mean height of the crossed to tlint 
of the self-fertilised was as 100 to 122 ; wlien they 
were about six feet high the two lots were very nearly 
equal, but ultimately when between eight and nine feet 
in height, the crossed plants asserted their usual 
superiority, and were to the self-fertilised in height as 
100 to 85. 

The constitutional superiority of the crossed over the 
self-fertilised plants was prove<i in another way in the 
third generation of 3Iimulus, by self-fertilis^ seeds 
being sown on one side of a |X)t, and after a certain 
interval of time crossed seeds on the opjjosite side. The 
self-fertilised seedlings thus had (for I ascertained that 
the seeds germinated simultaneously) a clear advantage 
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over the crossed in the start for the race. Nevertheless 
they were easily beaten (as may be seen uniler the 
head of ^timiilns) when the crossed see<ls were sown 
two whole days after the self-fertilised. Hut when the 
interval was four days, the two lots were nearly ecjual 
throughout life. Even in this latter case the crosse<l 
plants still p)s8e88ed an inherent advantage, for after 
lK)th lots hwl grown to their full height they were 
cut down, and without being disturbed were transferre<I 
to a larger pot, and when in the ensuing year they 
had again grown to their full height they were 
measured ; and now the tallest crosse<l plant.s wore to 
the tallest self-fertilised plants in height os 100 to 75, 
and in fertility (Le., by weight of seeds prodiiee«l by an 
equal numln'r of capsules from lioth lots) as 100 to 34. 

3Iy usual method of proeee<ling, namely, to plant 
several piirs of crossed and self-fertilised seeds in an 
equal state of germination on the opposite sides of the 
same pots, so that the plants were subjectcnl to 
moderately severe mntual competition, was I think 
the best that could have been ftdlowed, and was a fair 
test of what occurs in a sUte of nature. For plants 
sown by nature generally come up crowded, and are 
almost always expose<l to very severe competition 
with one another and with other kinds of plants. This 
latter consideration le<l me to make some trials, chiefly 
but not exclusively with Ipomoea and Mimulus, by 
sowing crossed and self-fertilised seeds on the opp«ite 
sides of large ptits in which other plants had long Iwen 
growing, or in the midst of other plants out of doors. 
The seedlings were thus subjected to very severe 
competition with plants of other kinds; and in all 
such cases, the crossed seedlings exhibited a great 
superiority in their power of growth over the self- 
fertilised. 
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After the germinating seedlings had been planted 
in i»air8 on the opjHjsite sides of several pots, the 
remaining seeds, whether or not in a state of germina* 
tiou, were in most cases sown very thickly on the two 
sides of au additional large pot ; so that the seedlings 
came up extremely crowded, and were subjected to 
extremely severe comjKjtition and unfavourable condi- 
tions. In such cases the crossed plants almost invari- 
ably showed a greater superiority over the self-fertilised, 
than did the plants which grew in ]>airs in the jKits. 

Sometimes crossed and self-fertilised seeds were 
sown in separate rows in the open ground, which was 
kept clear of weeds; so that the seedlings were not 
subjected to any competition with other kinds of 
plants. Those however in each row had to struggle 
with the adjoining ones in the same row. When fully 
grown, several of the tallest plants in each row were 
selected, measured, and compared. The result was 
in several cases (but nut so invariably as might have 
been expected) that the crossed plants did not exceed 
in height the self-fertilised in nearly so great a degree 
us when grown in pairs in the pots. Thus with the 
plants of Digitalis, which competed together in ]x)ts, the 
crossed were to the self-fertilised in height as 100 to 
70 ; whilst those which were grown separately were only 
as 100 to 85. Nearly the same result was observed 
with Brassica. With Nicotiana the crossed were to 
the self-fertilised plants in height, when grown 
extremely crowded together in jwts, ns 100 to 54 ; 
when grown much less crowded in |)ots as 100 to (56, 
and when grown in the open ground, so as to be sub- 
jected to but little competition, as 100 to 72. On the 
other hand with Zea, there was a greater difierence in 
height between the crossed and self-fertilised j)lants 
growing out of doors, than between the pairs which 
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grew in jiots in the hothouse; but this may be 
attributed to tlie self-fertilised plants being more 
tender, so that they suffered more than the crossed, 
when both lots were expostnl to a cold and wet summer. 
Liustly, with one out of two series of liemla odoratu, 
grown out of doors in rows, us well as with Beta 
vulgarie, the crossed plants did not at all exceed the self- 
fertilised in height, or exceede<l them by a mere trifle. 

The innate power of the crossed plants to resist 
unfavourable conditions far better than did the self- 
fertilisetl plants, was shown on two occasions in a 
curious manner, namely, with Iberis and in the third 
generation of Petunia, by the great superiority in 
height of the crossetl over the stdf-fertilised scedlings> 
when both sets were grown under extremely unfavourable 
conditions; whereas owing to 8{>ecial circumstances 
exactly the reverse occurred with the plants raised from 
the same seeds and grown in pairs in j)ots. A nearly 
analogous case was observed on two other occasions 
with plants of the first generation of Xicotiana. 

The crossed ])lants always withstood the injurious 
effects of being suddenly removeil into the oi>en air 
after having been kept in the greenhouse better than 
did the self-fertilisetl. On several occasioiis they also 
resisted much better cold and intem]>erate weather. 
This was manifestly the case with some crossed and 
self-fertilised plants of I|K>iiuea, which were suddenly 
moved from the hothouse to the coldest part of a cool 
greenhouse. The offspring of ]>lants of the eighth 
self-fertilised generation of Slimulus crossetl by a fresh 
stock, survived a frost which killed every single self- 
fertilised and intercrossed plant of the sjime old stock. 
Nearly the same result followe<l with some crossed and 
self-fertilised plants of Vida tricolor. Even the tips 
of the shoots of the crossed plants of Sarothamnm 
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Bcoparius were not touched by a very severe winter ; 
whereas all the self-fertilised plants were killed half- 
way down to the ground, so that they were not able to 
flower during the ne.xt summer. Young crossed 
seeillings of Nicotiana withstood a cold and wet 
summer much better than the self-fertilised seedlings. 
I have met with only one exception to the rule of 
crossed plants being hardier than the self-fertilised: 
three long rows of Eschscholtzia plants, consisting of 
crossal seedlings from a fresh stock, of intercrossed 
seedlings of the same stock, anti of self-fertilised ones, 
were left unprotected during a severe winter, and all 
p<>rished except two of the self-fertilised. But this 
case is not so anomalous as it at first appears, for it 
should be remembered that the self-fertilised plants 
of Eschscholtzia always grow taller and are hejivier 
than the crossed ; the whole benefit of a cross with this 
species btdng confined to increased fertility. 

Indej)ondently of any external cause which could 
bo detected, the self-fertilised plants were more liable 
to premature death than were the crossed ; and this 
seems to me a curious fact. Whilst the seedlings 
were very young, if one died its antagonist was pulled 
up and thrown away, and I believe that many more of 
the self-fertilised died at this early age than of the 
crossed ; but I neglected to keep any reconl. With 
Betawlgaris, however, it is certain that a large number 
of the self-fertilised seeds |)erishe«l after germinating 
lieneatli the ground, whereas the crossed seeils sown at 
the same time did not thus siifler. When a plant 
died at a somewhat more advancetl age the fact was 
recoriled ; and I find in my notes that out of several 
hundred plants, only seven of th(> crossed died, whilst 
of the self-fertilised at least twenty-nine were thus 
lost, that is more than four times as many. 5Ir. Galton, 



Chat. VIII. 



OF THE CROSSED PLANTS. 



291 



after examining some of my tables, remarks : “ It is very 
evident that the columns with the self-fertilised plants 
include the larger number of exceptionally small 
plants ; ” and the frequent presence of such puny plants 
no doubt stands in close relation with their liability to 
premature d(!ath. The self-fertili«Hl jilants of Petunia 
completed their growth and began to wither sooner 
than did the intercrossed plants; and these latter 
considerably before the offspring from a cross with a 
fresh stuck. 

Period of Flowering. — In some cases, as with Digitalis, 
Dianthus, and lieseda, a larger number of the crossed 
than of the self-fertilised plants thr^w up flower-stems ; 
but this probably was merely the result of their greater 
power of growth ; fur in the first generation of LoMia 
fulgene, in which the self-fertilised plants greatly ex- 
ceed«l in height the crossed plants, some of the latter 
failed to throw up flower-stems. With a large number 
of spc*cies, the crossed plants exhibited a well-marked 
tendency to flower before the self-fertilised ones 
growing in the same pots. It should however be 
remarked that no record was kept of the flowering of 
many of the siKJcies; and when a record was kept, 
the flowering of the first plant in each |Mit was alone 
observed, although two or more pairs grew in the same 
pot I will n<»w give three lists,— one of the species 
in which the first ]>lant that flowered was a crossed 
one, — a second in which tire first that flowen'd was a 
self-fertilised plant, — and a third of those which 
floweriKl at the same time. 

Species, of which the first Plants that fiowered were 
of Crossed Parentage. 

Ipomaa purpurra . — I record in my notes that in all ten genera- 
tions many of the crossed plants flowered before the self- 
fertilised ; but no details were kept 

u 2 
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Mitnulut luteus (First Goncration). — Ten flowers on the crossed 
plants were fully expanded before one on the self-fertilised. 

Mimuhit lufeuM (Second and Third Generation).— In both these 
generations a crossed plant flowered before one of the self- 
fertilised in all three pots. 

Mimului luleui (Fifth Generation). — In all three pots a crossed 
plant flowered first; yet the self-fertilised ])lauts, which 
belonged to the now tall variety, were in height to the 
crossed as 120 to 1CX>. 

Mimulus Plants derived from a cross with a fresh stock, 

as well as the intercrossed plants of the old stock, flowered 
before the self-fertilised plants in nine out of the ten i>ots. 

»ilvia coccinea.—X crossed plant flowered before any one of the 
self-fertilised in all three pots. 

Origanum etdyu re.— During two successive seasons several 
crossed plants flowered before the self-fertilised. 

JSrutsica deructa (First GeneraUon).— All the crossed plants 
growing in pots and in the open ground flowered first. 

Brauua okructa (Second Generation).— A ciossed plant in 
throe out. of the four pots flowered before any one of the 
self-fertilised. 

Jberis umbtllala.— In both pots a crossed plant flowered first. 

JCtchBc/ioUzia cali/vniicu . — Plants derived from the Brazilian 
stock crossed by the English stock flowered in five out of 
the nine ixits first ; in four of them a self-fertilised plant 
flowered first ; and not in one pot did an intercrossed plant 
of the old stock flower first. 

1 wla triculur . — A crossed plant in five out of the six jxits 
flowered before any one of the self-fertilised. 

Jhaulhut carytiphylliu (First Generation). — In two largo beds 
of planbi, four of the crossed plants flowered before any one 
of the self-fertilised. 

l)uii.thut caryuphytlM (Second Generation).— In both pots a 
crossed plant flowered first. 

IHanthus caryophyllwi (Third Generation).- In three out of 
the four jiots a crossed iilant flowered first ; yet the crossed 
were to the self-fertilised in height only as 100 to 09, but in 
weight as 100 to 49. 

Dtanlhua curyujihyllui.—VXo.nis derived from a cross with a fresh 
stock, and the intercrossed plants of the old stock, both 
flowered before the self-fertilised in nine out of the ten pots. 

J/ibiscus t/ncanua- In thiee out of the four pots a crossed 
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plant flowcrwl lieforo any one of the Belf-fertilisod ; yet the 
latter were to the ero«ne<l in height as 109 to 100. 

TrnjMnlnm minus. — A crossed plant flowered before any one of 
the self-fertilised in three out of the four pots, and simul- 
taneously in the fourth pot. 

Limnanthen doiiglan'i. — A crossed plant flowered before any one 
of the self-fertilised in four out of the five pots. 

Phatenliu mnUifiorur. — In both pots a crossed plant flowered 
first. 

Specularia speodum.— In all four pots a crossed plant flowered 
first. 

lAjibeli't ramota (First Generation). — In all four pots a crossed 
plant flowereil before any one of the self-fertilised. 

Luhrlia ramom (Second Generation).— In all four pots a crosse<l 
plant flowered some days tefore any one of the self- 
fertilised 

NemophiUi iniit/ntt. — In four out of the five pots a crossed plant 
flowered first. 

Borwjn offirinaUt.—\n both pots a-crossed plant flowered first 

Petunia viiJacea (Second Generation).— In all three pots a 
crossed plant flowered first 

Nicotiana tabacnm.—k plant derived from a cross with a fresh 
stock flowered before any one of the self-fertilised plants of 
the fourth generation, in fifteen out of the sixteen pots. 

Cydumni pertirum. — During two successive seasons a crossed 
plant flowered some weeks before any one of the self-fertilised 
in all four pots. 

Primula verU (equal-styled var.).— In all three pots a crossed 
plant flowered first 

Primula sinentit.—Ia all four pots plants derived from an 
illegitimate cross between distinct ]ilants flowered before 
any one of the self-fertilised plants. 

Primula nn<ns/s. — A legitimately crossed plant flowered before 
any one of the self-fertilised plants in seven out of the eight 
pots. 

fugo/yrum eteulentum. — A legitimately crossed plant flowered 
from one to two days Iicfore any one of the self-fertilised 
plants in all three pots. 

Zea mays.— In all four jiots a crossed plant flowered first. 

Phnlarii eaiuirientii. — The crossed plants flowered before the 
self-fertilised in the open ground, but simultaneously in the 
pots. 
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Species, of which the first Plants that flowered were of 
Self fert ilised Pa rentage. 

EachtchoUxia cali/omica (First Generation). — Tlio crossed plants 
were at first taller than the self-fertilised, but on theirsecond 
growth during the following year the self-fertilised exceeded 
the crossed in height, and now they flowered first in three 
out of the four pots. 

l.vpinus hUeut . — Although the crossed plants were to the self- 
fertilised in height as 100 to «2 ; yet in all three pots the 
self-fertilised plants flowered first. 

Chrkia elei/on.».— Although the crossed plants were, ns in the 
last case, to the self-fertilised in height as 100 to 82, yet in 
the two pots the self-fertilised flowered first. 

Lobtlia/ulgens (First Generation). — Tlie crossed plants were to 
the self-fertilised in height only as 100 to 127, and the latter 
flowered much before the cros^. 

Petunia vMacea (Third Generation). — The crossed plants were 
to the self-fertihsed in height as 100 to 131, and in three 
out of the four pots a self-fertilised plant flowered first ; in 
the fourth pot simultaneously. 

Petunia violacea (Fourth Generation).— Although the crossed 
plants were to the self-fertilised in height as 100 to 69, yet 
in three out of the five pots a self-fertilised plant flowered 
first ; in the fourth pot simultaneou.sly, and only in the fifth 
did a cinsEod plant flower first. 

Nkutitina Uihaciim (First Generation). — The crossed plants 
were to the self-fertilised in height only as 100 to 178, and 
a self-fertilised plant flowered first in all four pots. 

Kiaitiami iahacum (Third Generation). — The crossed plants 
were to the self-fertilised in height as lOO to 101, and in 
four out of the five pots a self-fertilised plant flowered first. 

Cannn wartcewicxi.—lii the three generations taken together the 
crossed were to the self-fertilised in height as 100 to 101 ; in 
the fli-st generation the self-fertilised plants showed some 
tendency to flower first, and in the third generation they 
flowered first in nine out of the twelve pots. 

Species in which the Crossed and Self-fertilised Plants 
flowered almost shnultaneouslg. 

Mimuhii lutens (Sixth Generation).— The crossed plants were 
inferior in height and vigour to the self-fertilised plants. 
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which all belonRod to the now whitc-flowerod tall variety, 
yet in only half the pots did the sclf-fortiliscd plants flower 
first, and in the otlier half the crossed plants. 

Vitcaria ocul’iOi. -The crossed plants were only a little taller 
than the eelf-fertilise<l (viz., os 100 to 97), but con- 
siderably more fertile, yet both lots flowered almost 
simultaneously. 

iMthyrta aioratm (Second Generation). — Although the crossed 
plants were to the self-fertilised in height as 100 to 88, yet 
there was no marked diflercnce in their period of flowering. 
Lobelia fulgent (Second Generation). - Although the crossed 
plants were to the self-fertilised in height as 100 to 91, yet 
they flowered simultaneously. 

Nicotiana tabaeum (Third Generation). — Although the crossed 
plants were to the self-fertilised in height os 100 to 83, yet 
in half the pots a self-fertilised plant flowered first, and in 
the other half a crossed plant. 

These three lists include fifty-eight cases, in which 
the period of flowering of the crossed and self-fertilised 
j)lants was recorded. In forty-four of them a crossed 
plant flowered first either in a majority of the pots or 
in all ; in nine instances a self-fertilised plant flowered 
first, and in five the two Irds flowered simultaneously. 
One of the most striking eases is that of Cyclamen, in 
which the crossed plants flowered some weeks before 
the self-fertilised in all four jM)ts during two seasons. 
In the second generation of Lobelia ramosa, a crossed 
plant flowered in all four jsits st)ine days before any 
one of the self-fertilised. Plants derived from a 
cross with a fresh stock generally showed a very 
strongly marked tendency to flower before the self- 
fertilised and the intercrossed plants of the old stock ; 
all three lots growing in the same jxits. Thus with 
Mimulus and Dianthus, in only one pot out of ten, and 
in Nicotiana in only one (lot out of sixteen, did a self- 
fertilised plant flower before the plants of the two crossed 
kinds, — these latter flowering almost simulbineously. 
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A consideration of the two first lists, especially of 
the second one, shows that a tendency to flower first is 
generally connected with greater power of growth, that 
is, with greater height. But there are some remarkable 
exceptions to this rule, proving that some other cause 
comes into play. Thus the crossed plants l>oth of 
Lnpinm hitem and Clarh'a elegans were to the self- 
fertilised plants in height as 100 to 82, and yet the 
latter flowered first. In the third generation of Xico- 
tiana, and in all three generations of Canna, the 
crossed and self-fertilised ]>Iants were of nearly equal 
height, yet the self-fertilised tended to flower first. 
On till! other hand, with Primula sinensis, plants 
raiseil from a cross between two distinct individuals, 
whether these were legitimately or illegitimately 
crossed, flowered before the illegitimately self-fertilised 
plants, althongh all the plants were of nearly eqnal 
height in Iwth cases. So it was with respect to height 
and flowering with Phaseidus, Sjiecularia, and Borago. 
The enjssed plants of Hibiscus were inferior in height 
to the self-fertilised, in the ratio of 100 to 100, and yet 
they flowered before the 8elf-fertilise<l in three out of 
the four jwts. On the whole, there can bo no doubt 
that the crossed plants exhibit a tendency to flower 
liefore the self-fertilised, almost though not quite so 
strongly marked as to grow to a greater height, to 
weigh more, and to Ijc more fertile. 

A few other cases not included in the above three 
lists deserve notice. In all three pots of Viola tricolor, 
naturally crossed plants the ofl'spring of crossed plants 
flowered before naturally crossed plants the ofl’spring 
of self-fertilised plants. Flowers on two plants, both of 
self-fertilised parentage, of the sixth generation of 
Mimulus luteus were intercrossed, and other flowers on 
the same plants were fertilised with their own pollen ; 
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iiitercrossod seedlings and seedlings of the seventh 
self-fertili.sed generation were thus raised, and the 
latter flowere<l before the intercrossed in three out of 
the five |s)ts. Flowers on a plant both of Mimvltu 
luieus and of Ipomoea purpurea were crossed with j)ollen 
from other flowers on the same ]>lant, and other flowers 
were fertilised with their own pollen ; intercrossed 
seedlings of this peculiar kind, and others strictly stdf- 
fertilised being thus raised. In the case of the 
Miiniiliis the s<.‘lf-fertilised plants flowered first in seven 
out of the eight jxits, and in the case of the Ijxjmoea 
in eight out of the ten pots ; so that an intereross 
between the flowers on the same plant wa.s very far 
from giving to the offspring thus raised, any advantage 
over the strictly self-fertilised plants in their period 
of flowering. 

The Effects of crossing Flowers on the same Plant. 

In the discussion on the results of a cross with a fresh 
stock, given under Table C in the last chapter, it was 
shown that the mere act of crossing by itself does no 
good ; but that the advantages thus derived de|)end on 
the plants which are crossed, either consisting of 
distinct varieties which will almost certainly differ 
somewhat in constitution, or on the progenitors of the 
plants which are crossed, though identical in every 
external cliaracter, having lieen subjected to somewhat 
different conditions and having thus acquired some 
slight difference in constitution. All the flowers 
produced by the same plant have been develoi>ed 
from the same see<l ; those which cx|Mind at the same 
time have Ix'en ex{K)Scd to exactly the same climatic 
influences ; and the stems have all been nourished by 
the same roots. Therefore in accordance with the con- 
clusion just referred to, no good ought to result frou> 
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crossing flowers on tlie same i)lant.* In opposition to 
this conclusion is the fact that a hiid is in one sense 
a distinct individual, and is capable of occasionally or 
even not rarely assuming new external characters, as 
well as new constitutional peculiaritii‘s. Plants raised 
from buds which have thus varied may l>e pi^opagated 
for a great length of time by grafts, cuttings, &c., and 
sometimes even by seminal generation.t Then* exist 
also numentiis species in which the flowers on the 
same plant differ from one another, — as in the sexual 
organs of moncocious and polygamous plants,— in the 
structure of the circumferential flowers in many Com- 
posita?, Umbelliferw, &c., — in the structure of the 
central flower in some plants,— in the two kinds of 
flowers produced by cleistogene species, — and in 
several other such cases. These instances clearly 
prove that the flowers on the same plant have often 
varied indej)cndently of one another in many im- 
portant respects, such variations having been fixed, 



* It is, hnwrver, possible that 
the stamens which Uiffer in length 
or constniotinn in the smne flower 
may prixlucu pollen dilfering in 
luiture.niul in this nmnuera cross 
might be made effective between 
tile seveml flow< n on tlie some 
plant Sir. Maenab states (in a 
eommuiiicatioii to M. Verlot, ‘Is» 
Pnsluction des Var.e'tes,' 1865, 
p. 42) tliat see<llings raised from 
the shorter and longer stamens of 
rlindndondmn differ in ehaiaeter; 
but the shorter stamens appa- 
rently are becoming nnlimentury, 
and the seerilings are dwarfs, so 
that tliC result may be simply duo 
to a want of fertilising power in 
tlie pollen, as in llie ease of tho 
dwarfed plants of Mitabilis niisr'd 
by Xnudin by lire use of too few 
pollen-grains. Analogous state- 



ments hare been made with re- 
s)>ect to the stamens of Felnrgo- 
nimn. With some of the Mela- 
stoiuneeie, seedlings raised by mo 
from flowers tertdiserl by pollen 
from the shoiter stamens, cer- 
tainly diffensi in appiaranoe from 
tliose raised from the lunger eta- 
liiens, with differently ooloiirod 
antiien ; but here, again, there is 
some reason for believing tliat tho 
shorter stamens are temling to- 
wanls alKirtion. In tiro very dif- 
ferent rase of trimorphic hetero- 
sty icd plants, the two sets of sta- 
na-ns in tlie same flower have 
widely diltennt fertilising powera, 
t I have given numerous eased 
of such bud-variations in my ‘Va- 
riation of Animals and Phints un- 
der Domostioatinn,' chap. xi. 2nd 
ediu vol. i. p. 448. 
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like those on distinct plants during the develop- 
ment of 8jH>eie8. 

It was tljerefore necessary to a.soertain by experiment 
what would be the efft'ct of iiitercrossinp' flowers on 
the same plant, in compiirison with fertilising them 
with their own |K)llen or crossing them with pollen 
from a distinct plant. Trials were carefully made on 
five genera belonging to four familii>s; and in only 
one case, namely. Digitalis, <lid the offspring from a 
cross between the flowers on the same plant rectdve 
any benefit, and the Ixmefit here was small eomiwred 
with that derived from a cross between distinct plants. 
In the chapter on Fertility, when we consider the 
effects of cross-fertilisation and self-fertilisation on the 
pnxluctiveness of the parent-plants we shall arrive at 
nearly the same result, namely, that a cross between 
the flowers on the same plant does not at all increase 
the numl)or of the seeds, <>r only occasionally and to a 
slight degree. I will now give an abstract of the 
results of the five trials which were made. 

(1.) Diffitalis purpurea . — Seedlings raised from inter- 
crossed flowers on the same ]>lant, and others from 
flowers fertilised with their own pollen, were grown in 
the usual manner in competition with one another on 
the opposite sides of ten pots. In this ami the four 
following cases, the details may be found un<ler the 
head of each species. In eight jnits, in which the 
plants did not grow much crowde<l, the flower-stems 
on sixteen intercrossed plants were in height to those 
on sixteen self-fertilised plants, us 100 to 04. In the 
two <»ther |K>ts in which the plants grew much crowded, 
the flowc-r-stems on nine intercrossed plants were in 
height to those on nine self-fertilised plants, as 100 
to 00. That the intercrossed j)lants in these two latter 
pt>ts had a real advantage over their self-fertilisetl 
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opponents, was well shown hy their relative weights 
when cut down, which was as 100 to 78. The mean 
height of the flower-stems on the twenty-five inter- 
crossed ])lants in the ten pots taken together, was to 
that of the flower-stems on the twenty-five self-ferti- 
lised plants, as 100 to 92. Thus the iut<Tcrossed 
plants were certainly superior to the self-fertilised in 
some degree ; but their sujK?riority was small compared 
with that of the offspring from a cross between distinct 
plants over the self-fertilised, this l^eing in the ratio 
of 100 to 70 in height. Nor does this latter ratio 
show at all fairly the great superiority of the plants 
derived from a cross between distinct individuals over 
the self-fertilised, as the fonner produced more tlian 
twice as many flower-stems as the latter, and were 
mucli less liable to premature death. 

(2.) Ipomaea purpurea. — Thirty-one intercrossed plants 
raised from a cross between flowers on the same plants 
were grown in ten pots in comijetition with the same 
number of self-fertilise<l plants, and the former were 
to the latter in height as 100 to 105. So that the 
self-fertilised plants were a little taller than the inter- 
crossed ; and in eight out of the ten pots a self-fertilised 
plant flowered before any one of the crossed plants in 
the same [wts. The ]»lants which were not greatly 
crowded in nine of the jH)ts (and these offer the fairest 
standard of comparison) were cut down and weighed ; 
and the weight of the twenty-seven intercrossed plants 
was to that of the twenty-seven self-fertilised as 100 
to 124; so that by this test the superiority of the 
self-fertilised wiis strongly marked. To this subject of 
the superiority of the self-fertilised plants in certain 
cases, I shall have to recur in a future chapter. If we 
now turn to the oflspring from a cross between 
distinct plants when put into competition with self- 



© The Comolete Work of Charles Darwin Online 



Chap. VIII. FLOWERS OX THE SAME PLAXT. 301 

fertilised plants, we find that the mean height of 
seventy-three such crossed plants, in the course of ten 
generations, was to that of the same number of 
self-fertilised plants as 100 to 77 ; and in the case of 
the j)lauts of the tenth generation in weight as 100 to 
44. Thus the contrast between the efl'ects of crossing 
flowers on the same plant, and of crossing flowers on 
distinct plants, is wonderfully great. 

(3.) Miinulus luteiis. — Twenty-two plants raised by 
crossing flowers on the same plant were grown in 
competition with the same number of self-fertilised 
plants ; and the former were to the latter in height as 
100 to 105, and in weight us 100 to 103. Moreover, in 
seven out of the eight ]X)ts a self-fertilised j)lant 
flowered before any of the intercrossed plants. So that 
here again the self-fertilised exhibit a slight superiority 
over the intercrossed plants. For the sake of com- 
jHirison, I may add that seeillings raised during three 
generations from a cross between distinct plants were 
to the self-fertilised plants in height as 100 to 05. 

(4.) Pelargonium zonale . — Two plants growing in 
separate pots, which hud been propagated by cuttings 
from the same plant, and therefore formed in fact 
parts of the sjune individual, were intercrossed, and 
other flowers on one of these plants were self-fertilised ; 
but the seedlings obtained by the two processes did 
not ditler in height. When, on the other hand, flowers 
on one of the above plants were crossed with pollen 
taken from a distinct seedling, and other flowers were 
self-fertilised, the crossed offspring thus obtained were 
to the self-fertilised in height as 100 to 74. 

(5.) Origanum vulgare.—A plant which had been 
long cultivated in my kitchen garden, had spread by- 
stolons so as to form a large bed or clump. Seedlings 
raised by intercrossing flowers on these plants, which 



© The Comolete Work of Charles Darwin Online 



302 THE EFFECTS OF CROSSING Chap. VIII. 

strictly consisted of the same plant, and other seedlings 
raised from self-fertilised flowers, were carefully com- 
pared from their earliest youth to maturity ; and they 
did not difler at all in height or in constitutional 
vigour. Some flowers on these seedlings were then 
crossed with pollen taken from a distinct seedling, and 
other flowers were self-fertilised ; two fresh lots of 
seedlings being thus raised, which were the grand- 
children of the plant that had spread by stolons and 
formed a large clump in my garden. These diflered 
much in height, the crossed plants being to the 
self-fertilised as 100 to 86. They differed, also, to a 
wonderful degree in constitutional vigour. The crossed 
plants flowered first, and produced exactly twice ns 
many flower-stems ; and they afterwards increased by 
stolons to such an extent as almost to overwhelm the 
self-fertilised plants. 

Reviewing these five cases, we see that in four of 
them, the effect of a cross between flowers on the same 
plant (even on offsets of the same plant growing on 
separate roots, as with the Pelargonium and Origa- 
num) does not differ from that of the strictest self- 
fertilisation. Indeed, in two of the cases the self-fer- 
tilised plants were superior to such intercrossed plants. 
With Digitalis a cross between the flowers on the same 
plant certainly did do some good, yet very slight 
compared with that from a cross between distinct 
plants. On the whole the results here arrived at, if 
we bear in mind that the flower-buds are to a certain 
extent distinct individuals and occasionally vary inde- 
pendently of one another, agree well with our general 
conclusion, that the advantages of a cross depend on 
the progenitors of the crossed plants possessing some- 
w’hat different constitutions, either from having been 
exposed to different conditions, or to their having 
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varied from unknown causes in a manner which we in 
our ignorance are forced to S|)eak of as spontaneous. 
Herejifter I shall have to recur to this subject of the 
inefficiency of a cross between the flowers on the same 
plant, when we consider the part which insects play m 
the cross-fertilisation of flowers. 

On tlie Transmission of the good Effects from a Cross 
and of the evil Effects from Selffertilisation . — We have 
seen that seedlings from a cross between distinct plants 
almost always exceed their self-fertilised opjaments in 
height, weight, and constitutional vigour, and, as will 
hereafter Ije shown, often in fertility. To ascertain 
whether this suiwriority would be transmitted beyond 
the first generation, seetllings were raised on three 
occasions from crossed and stdf-fertilised plants, both 
sets being fertilised in the same manner, and therefore 
not as in the many cases given in Tables A, B, and C, 
in which the crossed plants were again crossed and the 
self-fertilised again self-fertilised. 

Firstly, see<llings were raised from self-fertilised 
seeds produced under a net by crossed and self-fer- 
tilised plants of Nemophila insignis; and the latter 
were to the former in height as 133 to 100. But these 
seedlings became very unhealthy early in life, and 
grew so unequally that some of them in both lots were 
five times as tall as the others. Therefore this experi- 
ment was quite worthless ; but I have felt bound to 
give it, as opposed to my general conclusion. I should 
state that in this and the two following trials, both sets 
of plants were grown on the opjmsite sides of the same 
I>ots, and treated in all respects alike. The details of 
the exiKjriments may be found under the head of each 
species. 

Secondly, a crossed and a self-fertilised plant of 
Heartsease (Viola tricolor) grew near together in the 
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open ground and near to other plants of heartsease; 
and as both j>roduce<l an abundance of very fine cap- 
sules, the flowers on both were certainly cross-fertilised 
by insects. Seeds were collected frxnn both plants, and 
seoillings raised from them. Those from the crossed 
plants flowered in all three jx)ts before those from the 
self-fertilised plants ; and when fully grown the former 
were to the latter in height as 100 to 82. As both sets 
of plants were the product of cross-fertilisation, the 
difference in their growth and period of flowering was 
clearly due to their parents having been of crosseil and 
self-fertilised parentage ; and it is equally clear that 
they transmitted different constitutional powers to their 
offspring, the grandchildren of the plants which were 
originally crossed and self-fertilised. 

Thirdly, the Sweet Pea {Lathyrvs odoratus) habi- 
tually fertilises itself in this country. As I possessed 
plants, the parents and grandjwirents of which had 
been artificially crossed and other plants descended 
from the same parents which had b^n self-fertilised 
for many previous generations, these two lots of plants 
were allowed to fertilise themselves under a net, and 
their self-fertilised seeds saved. The seedlings thus 
raised were grown in competition with each other in the 
usual manner, and differed in their jmwers of growth. 
Those from the self-fertilised plants which had l>een 
crossed during the two previous generations were to 
those from the plants sclf-fertilisetl during many pre- 
vious generations in height as 100 to 90. These two 
lots of seeds were likewise tried by being sown under 
very unfavourable conditions in poor exhausted soil, and 
the plants whose grand]>arent8 and great-grandparents 
had been crossed showed in an unmistakable manner 
their su|>erior constitutional vigour. In this case, as 
in that of the heartsease, there could be no doubt that 
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the advantapo derived from a cross between two plants 
was not confineil to the offspring of the first generation. 
That constitutional vigour due to cross-parentage is 
transmitpHl for many generations may also be inferred 
as highly probable, from some of Andrew Knight’s 
varieties of the common pen, which were raised by 
cntssing distinct varieties, after which time they no 
doubt fortilise<l themselves in each succeeding gene- 
ration. These varieties lasted for upwards of sixty 
years, “ but their glory is now departed.” • On the 
other hand, most of the varieties of the common pea, 
which there is no retuion to suppose owe their origin 
to a cross, have hiul a much shorter existence. Some 
also of 3Ir. I^axton’s varieties produced by artificial 
crosses have retained their astonishing vigour and 
luxuriance for a considerable number of generations ; 
but as Mr. Ijaxton informs me, his experience dues 
not extend beyond twelve generations, within which 
period he has never perceived any diminution of vigour 
in his plants. 

An allied point may bo here noticed. As the force 
of inheritance is strong with plants (of which abundant 
evidence could be given), it is almost certain that seed- 
lings from the same capsule or from the same plant 
would tend to inherit nearly the same constitution ; and 
as the advantage from a cross depends on the plants 
which are crossed differing somewhat in constitution, 
it may be inferred ns probable that under similar con- 
ditions a cross between the nearest relations would 
not benefit the offspring so much as one between non- 
related plants. In support of this conclusion we have 
some evidence, os Fritz Muller has shown by bis 



* See tlio evidonoe on thii hmd tioation,' chap. iz. toI. I. 2nd edit, 
in my ‘ Variation under Dumea- p. S07. 
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valuable experiments on hybrid Abutilons, that the 
union of brothers and sisters, parents and children, 
and of other near relations is highly injurious to the 
fertility of the offspring. In one case, moreover, seed- 
lings from such near relations possessed very weak 
constitutions.* This same observer also foundt three 
plants of a Bignonia growing near together. He fer- 
tilised twenty-nine flowers on one of them with their 
own pollen, and they did not set a single capsule. 
Thirty flowers were then fertilised with pollen from 
a distinct plant, one of the three growing together, 
and they yielded only two capsules. Lastly, five 
flowers were fertilised with pollen from a fourth plant 
growing at a distance, and all five produced capsules. 
It seems therefore probable, as Fritz Muller suggests, 
that the three plants growing near together were 
seedlings from the same parent, and that from being 
closely related they had little jx)wer of fertilising one 
another.J 

Lastly, the fact of the intercrossed plants in 
Table A not exceeding in height the self-fertilised 
plants in a greater and greater degree in the later 
generations, is probably the result of their having 
become more and more closely inter-related. 

Uniform Colour of the Flowers on Plants, self-fertilised 
and grown under similar conditions for several Genera- 
tions . — At the commencement of my exj)eriments, the 
parent-plants of Miinuliis luteus, Ipomoea purpurea, 
Bianthus cargophyUus, and Petunia vidacea, raised 
from purchased seeds, varied greatly in the colour 



* ‘Jenni>cho Zeiteehrift fur 
Nnturw. B. v.i,. pp. 22 and 45, 
1872 ; and 1873, pp. 441-450. 
t ‘ Dot. Zc.tiine,’ 1868, p. 626. 

X Soino n-markablc ca,e» are 
given in my •Variation un'.or 



Domcbtic.tion ' U-hap. xvii. 2nd 
edit. Tol. 2. p. 121 1 of liybrids of 
Glndiolua and Ciatna, any one of 
which could be ferlilised by poUra 
from any otliur, but nut )>y ita 
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of their flowers. This occurs with ninny plants which 
have been long cultivated as an ornament for the 
rtower-ganlen, and which have been propagateil by 
seeds. The colour of the flowers was a jioint to which 
I did not at first in the least attend, ami no selection 
whatever was practised. Nevertheless, the flowers 
produced by the self-fertilised plants of the above 
four species became alisolutcly uniform in tint, or very 
nearly so, after they had been grown for some gene- 
rations under closely similar conditions. The inter- 
crossed plants, which were more or less closely 
inter-related in the later generations, and which had 
been likewise cultivate<l all the time under similar 
conditions, became more uniform in the colour of 
their flowers than were the original parent-plants, but 
much less so than the self-fertilis^ jdauts. When 
self-fertilised plants of one of the later generations 
were crossed with a fresh stock, and seedlings thus 
raised, these presented a wonderful contrast in the 
diversificil tints of their flowers compared with those of 
the self-fertilise<l seedlings. As such cases of flowers 
becoming uniformly coloured without any aid from 
selection seem to me curious, I will give a full 
abstract of my observations, 

Mimulus luteus . — A tall variety, bearing large, almost 
white flowers blotched with crimson, apjieured amongst 
the intercro8se<l and self-fertilised plants of the thinl 
and fourth generations. This variety increased so 
rapidly, that in the sixth generation of self-fertilised 
plants every single one consiste<l of it. So it was 
with ail the many plants which were raised, up to the 
last or ninth self-fertilised generation. Although this 
variety first apjieared amongst the intercrossed plants, 
yet fn>m their offspring being intercrostMsl in each 
succeeding generation, it never prevailed amongst 
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them ; and the flowers on the several intercrossed 
plants of the ninth generation differed considerably in 
colour. On the other hand, the uniformity in colour 
of the flowers on the plants of all the later self-fer- 
tilised generations was quite surprising; on a casual 
iusiKJction they might liave been said to be quite alike, 
but the crimson blotches were not of exactly the same 
shape, or in exactly the same {xisition. Both my 
gardener and myself believe that this variety did 
not appear amongst the jiarent-plants, raisetl from pur- 
chased seeds, but from its appearance amongst both the 
crossed and self-fertilise<l plants of the third and fourth 
generations ; and from what I have seen of the variation 
of this species on other occasions, it is probable that it 
would occasionally appear under any circumstances. 
We leani, however, from the present case that under 
the peculiar conditions to which my plants were 
subjected, this particular variety, remarkable for its 
colouring, largeness of the corolla, and increased 
height of the whole plant, prevailed in the sixth and 
all the succeeding self-fertilised generations to the 
complete exclusion of every other variety. 

Ipomoea jpurpurea.—'Sly attention was first draivn to 
the present subject by observiug that the flowers on all 
the plants of the seventh self-fertilised generation were 
of a uniform, remarkably rich, dark purple tint. The 
many plants which were raiseil during the three suc- 
ceeding generations, up to tlie last or tenth, all [)roduced 
flowers coloureil in the same manner. They were 
absolutely uniform in tint, like those of a constant 
species living in a state of nature ; and the self-fertilised 
plants might have been distinguished ivith certainty, 
as my gardener remarked, without the aid of labels, 
from the intercrossed plants of the later generations. 
These, however, had more uniformly coloured flowers 
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than those which were first raised from the purchased 
seeds. This dark purple variety did not appear, as 
far as my ganlener and myself could recollect, before 
the fifth or sixth self-fertilised generation. However 
this may have lieen, it became, through continued 
self-fertilisation and the cultivation of the jihints 
under uniform conditions, jicrfectly constant, to the 
exclusion of every other variety. 

Dianthus caryophtjllus . — The self-fertilised plants of 
the third generation all bore flowers of exactly the 
same pale rose-colour ; and in this respect they diftered 
quite remarkably from the plants growing in a large 
bed close by and raised from see<ls purchased from the 
same nursery garden. In this case it is not improbiible 
that some of the parent plants which were first self- 
fertilised may have borne flowers thus coloured ; but 
as several plants were self-fertilised in the first genera- 
tion, it is extremely improbable that all bore flowers 
of exactly the same tint as those of the self-fertilised 
plants of the third generation. The intercrossed plants 
of the third generation likewise produced flowers 
almost, though not quite so uniform in tint ns those 
of the self-fertilised plants. 

Petunia vidacea . — In this case I happened to record 
in my notes that the flowers on the |)arent-plant which 
was first self- fertiliser! were of a “ dingy purple colour.” 
In the fifth self-fertilised generation, every one of the 
twenty-one self- fertilised plants growing in pots, and 
all the many plants in a long row out of doors, 
produced flowers of absolutely the same tint, namely, 
of a dull, rather peculiar and ugly flesh colour ; there- 
fore, considerably unlike those on the parent-plant. I 
believe that this change of colour superr-enerl quite 
gradually ; but I kept no record, as the point did not 
interest me until I was struck with the uniform tint 
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of tho flowers on the self-fertilised plants of the fifth 
generation. The flowers on the intererosse<l plants of 
the corresponding generation were mostly of the same 
dull flesh colour, hut not nearly so nniform us those on 
tho self-fertilis(Hl plants, some few being very jmle, 
almost white. Tho self-fertilise<l plants which grew in 
a long row in the ojwn ground were also remarkable for 
their unifonnity in height, as were the intercrossed 
])luuts in a less degree, both lots l>eing comjmred with 
a large numln'r of plants raised at the same time under 
similar conditions from the self-fertilised plants of the 
fourth generation crossetl by a fresh stock. I regret 
that I did not attend to the uniformity in height of 
the self-fertilised setnllings in the later generations of 
the other species. 

These few cases seem to me to possess much interest. 
We Icam from them that new and slight shades of 
colour may be quickly and firmly fixed, independently 
of any selection, if the conditions are kept as nearly 
uniform as is possible, and no intercrossing be jier- 
roitted. With ^limiilus, not only a grotesque style of 
colouring, but a larger corolla and increased height of 
the whole plant were thus fixed ; whereas with most 
plants which have been long cultivated for tho flower- 
garden, no character is more variable than that of 
colour, excepting jx'rhaps that of height. From the 
consideration of these eases wo may infer that the 
variability of cultivated plants in the above resp*cts 
is due, fiistly, to their being subjected to somewhat 
diversified conditions, and, secondly, to their being 
often inter-crossed, as would follow from the free access 
of insects. 1 do not see how this inference cun be 
avoided, as when tho alwve plants were cultivated 
for several generations under closely similar conditions, 
and were intercrossed in each generation, the colour 
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of their flowers tended in some degree to change and to 
become uniform. When no intercrossing with other 
plants of the same stock was allowed, — that is, when 
the flowers were fertilised with their own pollen in 
each generation — their colour in the later generations 
became as uniform as that of plants growing in a 
state of nature, accompanied at least in one instance 
by mnch uniformity in the height of the plants. But 
in saying that the diversified tints of the flowers on 
cultivated plants treated in the ordinarj’ manner are 
due to diflerences in the soil, climate, &c., to which 
they are exjwsed, I do not wish to imply that such 
variations are caused by these agencies in any more 
direct manner than that in which the most diversified 
illnesses, as colds, inflammation of the lungs or pleura, 
rheumatism, &c., may be said to be caused by expo- 
sure to cold. In both CJises the constitution of the 
being which is acted on is of prejamderaut importance. 
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CHAPTER IX. 

Tiu EwSCTa or CB0S«-«BnLIgATIOII AND SKLf-rKBTIUgATIOS OH 
TBI PbOUI'CTIOH or SEEM. 

Fertility of pinntg of croaeed and self-fertilieeJ parenfa.;e, both loti 
being fertiliaed in the lonie manner— Fertility of tlie parent-iilanU 
wlien first crus«J and self-fertilised, and of their croiwed and self- 
fertilised ofispring wlien ngnin oro8se>l and gelf-fertilis.'d — Com- 
parison of the fertility of flowers fertilise<l with their own pollen 
and with that from other flowers on tlie same plant— Self-sterile 
plants— Causes of sel'-slerility- The uppeamme of highly self- 
fertile varietirw— Self-fertilisation apparently in some respr-cta bt ne- 
ficial independently of the assured production of seeds. — Relative 
weights aial rates of gormiiuttion of seeds from crossed and relf- 
fertilised flowers. 

The present chapter is devoted to the Fertility of 
plants, as influenced by cross-fertilisation and self- 
fertilisation. The subject consists of two distinct 
branches ; firstly, the relative productiveness or fertility 
of flowers crossed with jxillen from a distinct plant and 
with their own pollen, as shown by the proportional 
number of capsules which they profluce, together 
with the number of the contained seeds. Secondly, 
the degree of innate fertility or sterility of the seed- 
lings raised from crossed and self-fertilised seeds; such 
seedlings being of the some age, grown under the same 
conditions, and fertilised in the same manner. These 
two branches of the subject corresjxmd with the two 
which have to be considered by any one treating, of 
hybrid plants; namely, in the first place the comjmrative 
productiveness of a species when fertilised with pollen 
from a distinct sjiecies and with its own pollen ; and 
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ill tho second place, the fertility of its hybrid off- 
spring. These two classes of cases do not always run 
parallel ; thus some plants, ns Gartner has shown, can 
bo crossed with great ease, but yield excessively sterile 
hybrids ; while others are crossed with extreme diffi- 
culty, but yield fairly fertile hybrids. 

The natural order to follow in this chapter would 
have been first to consider the effects on the fertility 
of the parent-plants of crossing them, and of fertilising 
them with their own pollen ; but as we have discussed 
in the two last chapters the relative height, weight, 
and constitutional vigour of crossed and self-fertilised 
plants — that is, of plants raised from crossed and 
self-fertilised seeds — it will be convenient here first 
to consider their relative fertility. The cases observed 
by me are given in the following table, D, in which 
plants of crossed and self-fertilised parentage were left 
to fertilise themselves, being either crossed by insects 
or sjKmtaneously self-fertilised. It should be observeil 
that the results cannot be considered as fully trust- 
worthy, for the fertility of a plant is a most variable 
eleipent, dejiending on its ago, health, nature of the 
soil, amount of water given, and temperature to which 
it is exposed. The number of the capsules produced 
and the number of tho contained seeds, ought to have 
been ascertained on a large number of crossed and self- 
fertilised plants of the same age and treated in every 
respect alike. In these two latter respects my observa- 
tions may be trusted, but a sufficient number of capsules, 
were counted only in a few instances. The fertility, 
or as it may perhaps better be called the productive- 
ness, of a plant dejKJuds on the number of capsules 
produced, and on the number of seeds which these 
contain. But from various causes, chiefly from the 
want of time, I was often compelled to rely on the 
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number of the capsules alone. Nevertheless, in the 
more interesting cases, the seeds were also countetl 
or weighed. The average number of seeds jier capsule 
is a more valuable criterion of fertility than the 
number of capsules pro<luced. This latter circum- 
stjuice depeuds partly on the size of the plant ; and we 
know that crossed plants are generally taller and 
heavier than the self-fertilistnl ; but the diflerence in 
this respect is rarely sufiBcient to account for the 
diflference in the number of the capsules produced. It 
need hardly be added that in the following table the 
same number of crossed and self-fertilised plants are 
always compared. Subject to the foregoing sources of 
doubt I will now give the table, in which the jMxrentago 
of the plants exi>erimented on, and the manner of 
determining their fertility are explained. Fuller 
details may be found in the previous part of this work, 
under the head of each species. 



Table D . — Bdative Fertility 0 / Plante of croeeed and eelf-fertilieed 
Parentage, both eete being fertilieed in the mme manner. Fer- 
tility Judged (f by varioue Standarde. That <f the croeeed Plante 
taken ae 100, 



Ipoh(KA PUnPCHEA — fret generation! seeds per cn|Mule)| 
OD crossed ud self-fertilised plsots, not erowing much! 
crowded, sponUneousljr self-fertilised under s net, ini.* 
number I 



100 to 99 



Ipohika pcbpurea — seeds per espsnie on crossed snd 
self-fertilised plsnts from the some |mrents as in the Inst I . 

case, but growing much crowded, simntnneouslT self-1, " ” 

fertilised under n net, in number .1 

IpOMiEA PUHPUREA— productiveness of the same plants, as I 

judged bjr the number of ca|isule8 produced, and average| „ „ 45 

number of seeds per capsule ) 

iPOMiKA PIIBPUREA — third generation: seeds ]ier ca|wule| 

on crossed and self-fertilisej plants, spontaneously self-1 „ „ 1)4 

fertilised under a net, in number J 

iPOMaiA PURPURPjt— productiveness of the same plants,! 
as Judged by number of ca|isules produced, and averago! „ „ ,S5 

number of seeds per capsule . ' ) , 
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fertility of plants of crossed parentage in comparison 
with those of self-fertilised parentage ; both lots being 
fertilised in the same manner. With several of the 
species, as with Eschscholtzia, Reseda, Viola, Dian- 
thus. Petunia, and Primula, both lots were certainly 
cross-fertilised by insects, and so it probably was with 
several of the others ; but in some of the species, as 
with Nemophila, and in some of the trials with Ipomcea 
and Dianthus, the plants were covered up, and both 
lots were sptmtaneously self-fertilised. This also was 
necessarily the case with the capsules produced by the 
cleistogene flowers of Vandellia. 
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Tho fertility of the crossed plants is represented in 
the table by 100, and that of the self-fertilised by the 
other figures. There are five cases in wliieh tho fertility 
of the solf-fertilise<l plants is approximately e<|ual to 
that of the crossed ; nevertheless, in four of these cases 
the crossed plants were plainly taller, and in the fifth 
somewhat hdler than the self-fertilise<l. liut I should 
state that in some of these five cases the fertility of 
the two lots was not strictly ascertained, as the enjwules 
were not actually counte<l, from apfwaring ecjual in 
number and from all ajiparently containing a full com- 
plement of seeds. In only two instances in tho table, 
viz., with Vandellia and in the third generation of 
Dianthus, the capsules on the self-fertilise<l plants 
contained more se^ than those on the crossed plants. 
With Dianthus the nitio between the number of seeds 
contained in the self-fertilised and crossed capsules 
was os 125 to 100 ; both sets of plants were left to 
fertilise themselves under a net; and it is almost 
certain that the greater fertility of the self-fertilised 
plants was here due merely to their having varieil 
and become less strictly dichogamous, so as to mature 
their anthers and stigmas more nearly at tho same 
time than is prop£“r to tho sjieeies. Excluding the 
seven cases now referred to, there remain twenty-six 
in which the crossed plants were manifestly much 
more fertile, sometimes to an extraordinary degree, 
than the self-fertiliseil with which they grew in com- 
petition. Tho most striking instances are those in 
which plants derived from a cross with a fresh stock 
are comjiared with plants of one of the later self-fer- 
tilised generations ; yet there are some striking cases, 
os that of Viola, l)etween the intercrossed ]>lants of the 
same stock and the self-fertilised, even in the first 
generation. Tho results most to be truste<l are those 
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in which the productiveness of tlie plants was ascer- 
tained by the number of capsules pixxluced by an 
equal number of plants, together with the actual or 
average number of seeds in each capsule. Of such 
cases there are twelve in the table, and the mean of 
their mean fertility is as 100 for the crossed plants, 
to 59 for the self-fertilised plants. The Primulacea; 
seem eminently liable to suffer in fertility from self- 
fertilisation. 

The following short table, E, includes four cases 
which have already been partly given in the last table. 

Table ~E.— Innate Fertility of Plants fr<m a Cross with a fresh 
Stock, compared with that of Intercrossed Plants of the same 
Stock, and with that of Self-feitilised Plants, all of the corre- 
sjtonding Oeneration. Fertility judged of by the number or 
weight of seeds producol by an equal number of Plants. 





ill 

111 


III 

lii 


1 

If 

%£ 


UiMULUS LUTEUS — the {Dtercrossed plants are de-) 


100 






8th selLfwtmrd'^enM'uh^^^^^ *The«"f-fMtnil^df 
]>lants belong to the 9th generation . . . . j 

EacilsciiOLTXiA CALtPORKiCA— the intercrossed and! 


45 


3 


self-fertilised plants belong to the 2nd generation/ 
DlANTlicscARroPHYLLUa— the intercrossed plants! 
are derived from self-fertilised of the 3rd ge- 


100 


40 


neration, crossed by intercrossed plants of thel 
3rd generation. The self-fertilised plants belong 

to the 4th generation J 

Petu.nia violacea— the intercrossed and self-fer-i 


100 


45 


33 


tilised plants belong to the 5th generation . ./ 




54 


46 



N.B.— In the above cases, excepting in that of Eschscholtzia, the plants 
derived from a cross with a fresh stock belong on the mother-side to the 
same stock with the intercrossed and self-fertilised pinnts, and to the cor- 
responding generation. 
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These cases show us how greatly superior in innate 
fertility the seedlings from plants self-fertilised or 
intercrossed for several generations and then crosseil 
by a fresh stock are, in compirison with the seedlings 
from plants of the old stock, either intercrossed or 
self-fertilised for the same number of generations. The 
three lots of plants in each case were left freely ex- 
posed to the visits of insects, and their flowers without 
doubt were cross-fertilised by them. 

This table further shows us that in all four cases the 
intercrossed plants of the same stock still have a 
decided though small advantage in fertility over the 
self-fertilised plants. 

With respect to the state of the reproductive organs 
in the self-fertilised plants of the two last tables, 
only a few observations were made. In the seventh 
and eighth generation of Ijximoea, the anthers in the 
flowers of the self-fertilisetl plants were plainly smaller 
than those in the flowers of the intercrossed plants. 
The tendency to sterility in these same plants was 
also shown by the first-formed flowers, after they had 
been carefully fertilised, often dropping off, in the 
same manner as frequently occurs with hybrids. Tho 
flowers likewise tended to be monstrous. In the 
fourth generation of Petunia, the j)ollen produced 
by the self-fertilised and intercrossed plants was 
compared, and there were far more empty and shrivelled 
grains in the former. 

Relative Fertility of Flotcers crossed mth Pollen from a 
distinct Plant and mth their own Pollen. This heading 
includes flowers on the Parent-plants, and on the crossed 
and self fertilised Seedlings of the first or a succeeding Ge- 
neration. — I will first treat of the parent-plants, which 
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were raised from seeds purchased from niirserj'-fiardens, 
or taken from plants growing in my garden, or 
growing wild, and surrounded in every case by many 
individuals of the same species. Plants thus circum- 
stanced will commonly have been intercrossed by 
insects; so that the seedlings which were first ex- 
perimented on will generally have been the product 
of a cross. Consequently any difference in the 
fertility of their flowers, when crossed and self-fer- 
tilised, will have been caused by the nature of the 
pollen employed ; that is, whether it was taken from 
a distinct plant or from the same flower. The de- 
grees of fertility shown in the following table, F, 
were determined in each case by the average number 
of seeds per capsule, ascertained either by counting 
or weighing. 

Another element ought properly to have been taken 
into account, namely, the proportion of flowers which 
yielded capsules when they were crossed and self-fer- 
tilised ; and as crossed flowers generally produce a 
larger proportion of capsules, tlieir superiority in fer- 
tility, if this (dement had been taken into account, 
would have been much more strongly marked than 
appears in Table F. But had I thus acted, there 
would have been greater liability to error, as jiollen 
applied to tin? stigma at tlie wrong time fails to pro- 
duce any effect, indejiendently of its greater or less 
potency. A gCK)d illustration of the great difforenci' 
in the results which sometimes follows, if the number 
of capsules produced relatively to the number of flowers 
fertilisisl be included in the calculation, was afforded 
by Nolana prostrata. Thirty flowers on some ])lunts 
of this species were crossed and j)rodiiced twenty-seven 
(iapsules, each containing five seeds ; thirty-two flowers 
on the same plants were self-fertilised and produced 
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only six capsules, each containing five seeds. As the 
number of seeds per capsule is here the same, the fer- 
tility of the crossed and self-fertilised flowere is given 
in Table F as equal, or as 100 to 100. But if the 
flowers which failed to produce capsules be included, 
the crossed flowers yielded on an average 4 ‘ 50 seeds, 
whilst the self-fertilised flowers yielded only 0 ’ 94 seeds, 
so that their relative fertility would have been as 100 
to 21. I should here state that it has been found con- 
venient to reserve for separate discussion the cases of 
flowers which are usually quite sterile with their own 
pollen. 



Tablk F. — Helativt Feriility nf the Fhwert on the Parent-plants 
used in my Experiments, when fertilised with Pollen from a 
distinct Plant and with their own Pollen. Fertility judged of 
by the average Number of Seeds per Capsule. Fertility <f 
Crossed Flowers taken as 100. 



lPoa«A PL'RPunEA— crowed and self-fertili»ed flowers!' 

yielded seeds as (about) /| 

JIijujlcs LDTEUS— crossed and self-fertilised flowers rieldedll 

seeds as (by weight) 

IJSARIA VUIOARIS — crossed and self-fertilised flowers) 

yielded seeds as | 

Vanoellia NtHMULARIPOLIA — Crossed and self-fertilised) 
flowers yielded seeds ns ^ 



100 



14 

67? 



self-fertilised flowers) 

•y weignt) J 

.Salvia OOCCINEA— crossed and self-fertilised flowers yielded) 

seeds as (about) f 

BR.VKICA OLERACEA — crossed and self-fertilised flowers)' 

yielded seeds as f i 

Eschscholtzia CALI eornica— (English stock) crossed and) 
self-fertilised flowers yielded seeds ns (by weight) . . ) ! 

Eschscholtzia califor.nica— (Brazilian stock grown inj^ 
England) crossed and self-fertilised flowers yielded seeds)' 

(by weight) as (about) )| 

Delphinium COKSOLIDA— crossed and self-fertilised flower.)' 
(self-fertilised capsules spontaneously produced, but result >i 
supported by other evidence) yielded seeds as . , . . ) | 



„ 100 
„ 100 
„ 23 
n 71 



„ 59 
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Table F — continued. 
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A second table, G, gives the relative fertility of 
flowers on crossed plants again cross-fertilised, and of 
flowers on self-fertilised plants again self-fertilised, 
either in the first or in a later generation. Here two 
causes combine to diminish the fertility of the self- 
fertilised flowers ; namely, the lesser efficacy of pollen 
from the same flower, and the innate lessened fertility 
of plants derived from self-fertilised seeds, which as we 
have Si'cn in the previous Table D is strongly marked. 
The fertility was determined in the same manner as 
in Table F, that is, by the average number of seetls per 
capsuh* ; and the same remarks as before, with respect 
to the different projiortion of flowers which set capsules 
when they are cros.s-fertilised and self-fertilised, are 
here likewise applicable. 
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Viola tbioolok— cmud and Klf-fprtilUad flowan on tha) 
crotaed and aalf-fartiliKd planu of the let generation) 

yielded aeeda aa . . ( 

DlA.XTHCacARroPHTLLl-a— oroavKl and aeir-fertiliaed floarera 
on the croaaod and aelf-fertiliaeJ planta of the lat genera- 
tion yielded aeeda aa 

Diantiii'8 cakyophyllcs— flowera on M!lf-fertiliae<l planta 
of the 3rd generation croeaed by iutercroaaed planta, and 
other flowera again aelf-fertiliaed yieldad aeeda aa 
DlABTHCt CARYOPHYLLl’8— flowera on aelf-fertilUed planta 
of the 3rd generation eroaaed by a freah atuck, and other 
flowera again aelf-fertiiiaed yielded aeeda aa . . . . 

LATBYBra ODOKATl’g— eroaaed and aelf-fertiliaed flowera on 
the eroaaed and aelf-fertiliaad planta of the Ut generation 

yielded aeeda aa 

lOBELIA KAMU8A— eroaaed and aelf-fertiliaed flowera on the 
eroaaed and aelf-fertiliaed planta of the lat generation 

yielded aeeda aa (by weight) 

Pctl’HIA YIOLACtlA— eroaaed and aeif-fertiliaed flowera on 
the eroaaed and aelf-fertiliaed planU of the lat generation 

rtelded aeeda aa (by weight) 

P^l-.XIA VIOLACEA— eroaaed and aelf-fertiliaed flowera on 
the eroaaed and aelf-fertiliaed planta of the 4th generation 

yielded aeeda aa (by weight) 

Pbtu.via VIOLACEA— flowera on aelf.fertiliaed planta of the 
4th generation eroaaed by a freah atock,and other flowera 
again aelf-fertiliaed yielded aeeda aa (by weight) . . . 

Niootiaxa TABACl'll — rmaaed and aelf-fertiliaed flowera on 
the eroaaed and aelf-fertiliaed planta of the lat generation 

yielded aeeda aa (by weight) 

Niootiaxa tabaci'M— flowera on aelf-fertiliaed planu of 
the 2nd generation eroaaed by intereroaaed planta, and 
other flowera again aelf-fertiliaed yielded aeeda aa (by ea- 

Niootiax A TABACUH — flowera on aelf-fertiliaed planta of 
the 3rd generation eroaaed by a freah atoi k, and other 
flowera again aelf-fertiliaed yieldad aeeda aa (by ratimation) 
Axaoallu ooluxa — flowera on a red variety eroaae>l by a 
bine variety, and other flowera on the red variety aelf- 

fertiliaed yielded aeeda aa 

Caxxa waracewiczi — eroaaed and aelf-fertiliaed flowera on 
the eroaaed and aelf-fertiliaed planta of three generationa 
Uken together yielded aeeda aa 



100 to 09 



n I. 

« » >27 



I. » 1*7 

» o no 

o w >>'» 

» I, •»» 



.\s buth these tubles relate tu the fertility uf 
tluwers fertilised by ixfllen frum unotht'r phiiit and by 
their own |iollen, they may be considered together. 
The difference between them consists in the self- 



© The Comolete Work of Charles Darwin Online 



FERTILITY OF CROSSED 



Cbaf. IX. 



:I2(5 

fertilised flowers in the second table, G, being 
produeerl by 8elf-fertilise<l parents, and the crossed 
flowers by crossed jwrents, which in the later generations 
had become somewhat closely inter-related, and had 
iM-en subjected all the time to nearly the same condi- 
tions. These two tables include fifty cases relating to 
thirty-two species. The flowers on many other species 
were crosseil and self-fertilise<l, but as only a few were 
tlius treated, the results cannot be trusted, as far as fer- 
tility is concerned, and are not here given. Some other 
en.M?8 have been rejected, as the plants were in an 
imliealthy condition. If wo look to the figures in the 
two tables expressing the ratios between the mean 
relative fertility of the crosseil and self-fertilised 
flowers, we see that in a majority of the cases (i.e., 
in thirty five out of fifty) flowers fertilised by pollen 
from a distinct jilant yield more, sometimes many more, 
seeds than flowers fertilised with their own pollen ; and 
they commonly set a larger proportion of capsules. The 
degive of infertility of the self-fertilised flowers differs 
extremely in the diflerent sjiecies, and even, as we 
sliall see in the section on self-sterile plants, in the 
individuals of the same species, as well as under 
slightly changed conditions of life. Their fertility 
ranges from zero to fertility equalling that of the 
erussiMl flowers; and of this fact no explanation can 
U- oflereil. There are fifteen cases in the two tables 
in which the number of seeds per caj«ule produce<l by 
the self fertiliseil flowers equals or even exceetls that 
yielded by the crossed flowers. Some few of these- 
cases are, I believe, awidental ; that is, would not 
recur on a second trial. This was apjiarently the 
case with the plants of the fifth generation of I]iomu-a, 
and in one of the experiments with Dianthus. 
Nicotiana oilers the most anomalous case of any. 
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as the self-fertilised flowers on the parent plants, and 
on their descendants of the second and third genera- 
tions, produced more seeds than did the crossed 
flowers ; but we shall recur to this case when we treat 
of highly self-fertile varieties. 

It might have been expected that the diflerence in 
fertility between the crossed and self fertilise<l flowers 
would have been more strongly marked in Table G, in 
which the plants of one set were derived from self- 
fertilised parents, than in Table F, in which flowers on 
the parent-plants were self-fertilised for the first time. 
Ihit this is not the case, as far as my scanty materials 
allow of any judgment. There is therefore no evi- 
dence at present, that the fertility of plants goes on 
diminishing in successive self-fertilised generations, 
although there is some mther weak evidence that 
this does occur with resj>ect to their height or growth. 
But we should bear in mind that in the later genera- 
tions the crossed plants had become more or less closely 
inter-rehitctl, and had been subjected all the time to 
nearly uniform conditions. 

It is remarkable that there is no close correspondence, 
either in the parent-plants or in the successive genera- 
tions, between the relative numl>er of seetls produced 
by the crossed and self-fertilised flowers, and the 
relative p)wers of growth of the seedlings mised from 
such seeds. Thus, the crossed and self-fertilisetl 
flowers on the parent-plants of Ipomma, Gesneria, 
Salvia, Limnanthes, Lobelia fulgens, and Nt)lana pro- 
duced a nearly equal number of seeds, yet the plants 
raise<l from the crossed seeds exceeded considerably in 
height those raised from the self-fertilised seeds. 
The crossetl flowers of Linaria and Viscaria yielded 
far more see<ls than the self-fertilised flowers ; and 
although the plants raised from the former were taller 
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tluin tlioso from tho luttor, they were not so in nny 
corres|M>nding degree. With Nicotianu the flowers 
fertilisoil with tlieir own pollen were mon* pnxlitetive 
than those crossed with pollen from a slightly different 
variety; yet the jdants raised from the latter seeds 
were much taller, heavier, and more hanly than those 
raised from the self-fertilised seeds. On the other 
hand, the crossed seedlings of Rsehseholtzia were 
neither taller nor heavier than the self-fertiliseil, 
although tlie crosse*! flowers were far mon? produe.ive 
than the self-fertilised. Hut tho U*st evidence f a 
want of eorres|)ondenco lietween tho numlsir of coeds 
produced by crossed and self-fertiliseil flowers, and 
the vigour of the offspring raised from them, isaflforded 
by the plants of the Brazilian and European stocks 
of Eschscholtzia, and likewise by certain individual 
plants of lieseda odorata ; for it might have been ex- 
j)ccted that tho seedlings from plants, tho flowers of 
which were excessively self-sterile, would have profited 
in a greater degree by a cross, than tho see<lling8 fnim • 
plants which were m<iderately or fully self-fertile, and 
therefore aj)jiarently had no need to be crossed. But 
no such result followe<l in either cose: for instance, 
tho crossed and self-fertilised offspring from a highly 
self-fertile ]>lant of Reseda odorata were in average 
height to each other as 100 to 82 ; whereas the similar 
offspring from an excessively self-sterile plant were as 
100 to 02 in average height. 

With resjjoct to tho innate fertility of tho plants 
of croascfl and self-fertilised jairentage, given in tho 
previous Table D — that is, the number of see<l8 pro- 
ductnl by both lots when their flowers were fertilised 
in the same manner, — nearly the same remarks are 
applicable, in reference to the absence of any close 
corresjxjndenco between their fertility and powers of 
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growth, as in the case of the plants in the Tables F 
and Gr, just considered. Thus the crossed and self-fer- 
tilised plants of Ipomcea, Papaver, Reseda odorata, and 
Liinnanthcs were almost equally fertile, yet the former 
exceeded considerably in height the self-fertilised 
plants. On the other hand, the crossed ami self-ferti- 
lised plants of Mimulus and Primula differed to an 
extreme degree in innate fertility, but by no means to 
a corresponding degree in height or vigour. 

In all the cases of self-fertilised flowers included in 
Tables E, E, and G, these were fertilised with their 
own pollen ; but there is another form of self-fertilisa- 
tion, viz., by pollen from other flowers on the same 
plant ; but this latter method made no difference in 
comparison with the former in the number of seeds 
produced, or only a slight difterence. Neither with 
Digitalis nor I.)ianthus were more seeds produced by 
the one method than by the other, to any trustworthy 
degree. With Ipomcea rather more seeds, in the pro- 
portion of 100 to 91, were produced from a cross 
between flowers on the same plant than from strictly 
self-fertilised flowers ; but I have reason to suspect that 
the result was accidenbil. With Origanum vulgare, 
however, a cross between flowers on [>lants propagattnl 
by stolons from the same stock certainly increased 
sliglitly their fertility. This likewise occurred, us wo 
shall sec in the next section, with Eschscholtzia, 
perhaps with Corijdalis cava and Oncidium ; but not 
so with Bignonia, Abutilou, Tabonuemontana, Senecio, 
and apparently Reseda odorata. 

Self-sterile Plants. 

The cases here to be described might have been 
introduced in Table F, which gives the relative fer- 
tility of flowers fertilised with their own pollen, and 
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with tlmt from a distinct plant ; but it has l)cen found 
more convenient to keep them for separate discussion. 
The present cases must not be confounded with those 
to be given in the next chapter relatively to flowers 
which are sterile when insects are excluded ; for such 
sterility depnds not merely on the flowers being 
inca|)uble of fertilisation with their own pollen, but on 
mechanical causes, by which their pollen is prevented 
from reaching the stigma, or on the ]>olien and stigma 
of the sjime flower being matured at diflerent jMjriods. 

In the seventeenth chapter of my ‘Variation of 
Animals and Plants underUomestication’ I had occasion 
to enter fully on the present subject ; and I will there- 
fore here give only a brief abstract of the cases there 
described, but others must be added, as they have an 
important bearing on the present work. Kolreuter 
long ago described plants of Verbaseum phoeiiiceum 
which during two years were sterile with their own 
pollen, but were easily fertilised by that of four other 
sjjecies ; these plants however afterwards became more 
or less self-fertile in a strangely fluctuating manner. 
Mr. Scott also found that this species, as well as two of 
its varieties, were self-sterile, as did Gartner in the 
case of Verhascum nigrum. So it was. according to 
this latter author, with two plants of Lobelia fulgent, 
though the pollen and ovules of both were in an 
efficient state in relation to other species. I'ive s|>ecie8 
of Passiflora and certain individuals of a sixth s|>ecie8 
have been found sterile with their ow n pollen ; but slight 
changes in their conditions, such as being grafted on 
another stock or a change of temperatiirt>, rendered 
them self-fertile. Flowers on a completely self-im- 
I>otent plant of Pataiflora alata fertilise<l with ]>ullen 
from its own self-impotent seedlings were quite fertile. 
Mr. Scott, and afterwards Mr, Jlunro, found that some 
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species of Oncidium and of Maxillaria cultivated in a 
hothouse in Edinburgh were quite sterile with their 
own pollen ; and Fritz Muller found this to be the 
case with a large number of Orchidaceous genera 
growing in their native home of South Brazil.* He 
also discovered that the pollen-masses of some orchids 
acted on their own stigmas like a poison ; and it 
apijears that Oartner formerly observed indications of 
this extraordinary fact in the case of some other 
plants. 

Fritz ^Killer also states that a speeies of Bignonia 
and Tahemtemontana eehinata are both sterile with 
their own pollen in their native country of Brazil, t 
Several Amaryllidoceous and Liliaceous plants are in 
the same predicament. Hildebrand observed with care 
Corytlalis cava, and found it completely self-sterile 
but according to Caspary a few self-fertilised seeds 
are occasionally produced : Conjdalis halleri is only 
slightly self-sterile, and C. iniermedia not at all so.§ 
Inaiiother Fumariaceous genus, Hypecoum, Hildebrand 
observed || that JL grandiflorum was highly self-sterile, 
whilst j)roc«mfcen« was fairly self-fertile. Thunbergia 
alata kej)t by me in a warm greenhouse was self-sterile 
early in the season, but at a later period produced 
many spontaneously self-fertilised fruits. So it was 
with Pa paver vagum: another species, P. alpinum, was 
found by Professor H. Hoffinann to be quite self- 
sterile excepting on one occasion ;1f whilst P. somni- 
ferum has been with me always completely self-fertile. 

EschschoUzi'i califomiea. — This species deserves a 
fuller consideration. A plant cultivated by Fritz 

• ‘Dot. Zeitung,’ 1868, p. 114. § ‘Hot. Zeitung,’ June 27, 1873. 

t n>i«l. 1868, p. 026, and 1870, l| ‘Jalirb. fUr wiw. Botanik,’ 

p. 274. B. vii. !>. 464. 

X ‘ Report of the International ‘ Zur Spocieafrago,’ 1875, 

Hol t. Coiigresit,’ 1866. p. 47. 
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Jliiller in South Brazil haj>])pned to flower a month before 
any of the others, and it did not produce a single 
capsule. This le«l him to make further observations 
during the next six generations, and he found that all 
his plants were completely sterile, unless they were 
crossed by insects or were artificially fertilised with 
pollen from a distinct plant, in w'hich case they were 
coinj)letely fertile.* I was much surprised at this fact, 
as I had found that Plnglish plants, when covered V>y 
a net, set a considerable niiml>er of capsules ; and that 
these containe<l seeds by weight, comjiared with those 
on plants intercrossed by the bees, as 71 to 100. 
Professor Hildebrand, however, found this species 
much more self-sterile in Germany than it was with 
mo in hmgland, for the oipsules j>roduced by self-' 
fertilised flowers, compared with those from intercrossed 
flowers, contained seeds in the ratio of only 11 to 100. 
At my request Fritz Jliiller sent me from Brazil seeds 
of his self-sterile plants, from which I raised seedlings. 
Two of these were coveretl with a net, and one pntducetl 
spontaneously only a single ca^wulo containing no good 
seeds, but yet, when artificially fertilised with its own 
pollen, j)roduced a few capsules. The other plant pro- 
duced s[K)ntaneously under the net eight ca]>sules, one 
of which contained no less than thirty seeds, and on 
an average about ten seeds per capsule. Eight flow ers 
on these two plants were artificially self-fertilised, and 
produced seven capsules, containing on an average 
twelve seeds ; eight other flowers were fertilised w ith 
pollen from a distinct j)lant of the Brazilian stock, and 
produced eight capsules, containing on an average 
about eighty seeds ; this gives a ratio of 15 seetls for 
the self-fertilis»td capsules to 100 for the crosse<l 

• ‘Bot. Zeitungr,’ 1868, p. 115, und 1869, p. 223. 
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capsules. Later in the season twelve other flowers on 
these two plants were artificially self-fertilised ; but 
they yielded only two capsules, containing three and 
six seeds. It apiiears therefore that a lower tem- 
perature than that of Brazil favours the self-fertility 
of this plant, whilst a still lower temperature lessens it. 
As soon as the two plants which had been covered by 
the net were uncovered, they were visited by many 
bees, and it was interesting to observe how qnickly 
they became, even the more sterile plant of the two, 
covered with young capsules. On the following year 
f.'ight flowers on plants of the Brazilian stock of self- 
fertilised parentage (i.e., grandchildren of the plants 
which grew in Brazil) were again self-fertilise<l, and 
produced five capsules, containing on an average 27-4 
seeds, with a maximum in one of forty-two seeds ; so 
that their self-fertility had evidently increased greatly 
by being reared for two generations in England. On 
the whole we may conclude that plants of the Brazilian 
stock are much more self-fertile in this country than 
in Brazil, and less so than plants of the English stock 
in England ; so that the plants of Brazilian parentage 
retained by inheritance some of their former sexual 
constitution. Conversely, seecls from English plants 
sent by me to Fritz Muller and grown in Bn»zil, were 
much more self fertile than his plants which had been 
cultivated there for several generations ; but he informs 
me that one of the plants of English parentage which 
did not flower the first year, and was thus exjwsed for 
two seasons to the climate of Brazil, proved quite self- 
sterile, like a Brazilian plant, showing how quickly 
the climate had acted on its sexual constitution. 

AhtdUon darwinii . — Seeds of this plant were sent 
me by Fritz Jliiller, who found it, as well as some 
other species of the sjiine genus, quite sterile in its 
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native home of South Brazil, unless fertilised with 
l>ollen from a distinct plant, either artificially or 
natunilly by humminp-birds.* Several plants were 
raised from these seeds and kept in the hothouse. 
They produced flowers very early in the spring, and 
twenty of them were fertilised, some with pollen fri)m 
the same flower, and some with pollen from other 
flowers on the same plants ; but not a single capsule 
wiis thus jiroduced, yet the stigmas twenty-seven hours 
after the application of the pollen were penetrated by 
the pollen-tubes. At the same time nineteen flowers 
were crossed with pollen from a distinct plant, and 
these produced thirteen capsules, all abounding with 
fine seeds. A greater number of capsules would have 
been jirotluccd by the cn>ss, had not some of the nine- 
teen flowers been on a plant which was afterwards 
proved to be from some unknown cause completely 
sterile w ith pollen of any kind. Thus far these plants 
behaved exactly like those in Brazil ; but later in the 
season, in the latter part of May and in June, they 
began to produce under a net a few spontaneously 
self-fertilised capsules. As soon, as this occurred, 
sixteen flowers were fertiliseti with their own jMjllen, 
and these produced five capsules, containing on an 
average 3 ’4 seeds. At the same time I selected by 
chance four capsules from the uncovered plants grow- 
ing close by, the flowers of which I had seen visited 
by humble-bees, and these contained on an average 
21 • 5 seeds ; so that the seeds in the naturally inter- 
crossed capsules to those in the self-fertilise»l capsules 
were as 100 to 16. The interesting point in this case 
is that these plants, which were unnaturally treated 
by being grown in pots in a hothouse, under another 

* ‘ Jenaisclio Zcitschr. fUr Naturwim.’ B. vii. 1872, p. 22, auil 1873, 
p. 441. 
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hemisphere, with a complete reversal of the seasons, 
were thus rendered slightly self-fertile, whereas they 
seem always to be completely self-sterile in their 
native home. 

Setuxio eruentus (greenhouse varieties, commotdij 
called Cinerarias, prdbaUy derived from several fruticose 
or herbaceous species much intercrossed*). — Two purple- 
flowered varieties were placeil under a net in the 
greenhouse, and four corymbs on each were re- 
peatedly brushed with flowers from the other plant, 
so that their stigmas were well covered with each 
other’s pollen. Two of the eight corymbs thus treated 
produced very few seeds, but the other six produced 
on an average 41-3 seeds per corymb, and these ger- 
minated well. The stigmas on four other corymbs on 
both plants were well smeared with pollen from the 
flowers on their own corymbs; these eight corymbs 
produced altogether ten extremely poor seeds, which 
proved incajjable of germinating. I examined many 
flowers on both plants, and found the stigmas sponta- 
neously covered with pollen ; but they produced not a 
single seed. These plants were afterwards left un- 
covered in the same house where many other Cinerarias 
were in flower ; and tlie flowers were frequently visited 
by bees. They then produced plenty of see<l, but one 
of the two plants less than the other, as this species 
shows some tendency to be dieecious. 

The trial was repeated on another variety with 
white {Kjtals tipped with red. Many stigmas on two 
corymbs were covered with jwllen from the foregoing 
purple variety, and these produced eleven and twenty- 
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two seeds, which germinated well. A large nuniher of 
the stigmas on several of the other corymbs were re- 
jieatedly smeare<l with pollen from their own corymb ; 
but they yielded only live veiy poor seeds, which were 
incapable of germination. Therefore the above three 
plants belonging to two varieties, though growing 
vigorously and fertile with pollen from either of the 
other two plants, were utterly sterile with pollen from 
other flowers on the same plant. 

Beseda odorata . — Having obsened that certain in- 
dividuals were self-sterile, I covered during the 
summer of 18(58 seven plants under separate nets, and 
will call these plants A, B, C, D, E, F, G. They all 
aj>i)eared to be quite sterile with their own ]>ollen, 
but fertile with that of any other plant. 

Fourteen flowers on A were crossed with ]K>llen 
from B or C, and produced thirteen fine capsules. 
Si.xtecn flowers were fertilised with pollen from other 
flowers on the same plant, but yielded not a single 
capsule. 

I'ourteen flowers on B were crossed with pollen 
from A, C, or D, and all produced capsules; some of 
these were not very fine, yet they contained plenty of 
seeds. Eighteen flowers were fertilised with pollen 
from other flowers on the same plant, and proiluced 
not one capsule. 

Ten flowers on C were crossed with pollen from A, 
B, D, or E, and proiluced nine fine capsules. Nineteen 
flowers were fertilised with pollen from other flowers 
on the same plant, and produced no capsules. 

Ten flowers on IJ were crossed with pollen from 
A, B, C, or E, and produced nine fine cai^ules. 
Eighteen flowers were fertilised with {K)llen fit)in other 
flowers on the same plant, and pnxluced no caj)sules. 

Seven flowers on E were crossed with ])ollen from 
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A, C, or D, and all produced fine capsules. Eight 
flowers were fertilised with pollen from other flowers 
on the same plant, and produced no capsules. 

On the plants F and G no flowers were crossed, hut 
very many (number not recorded) were fertilised with 
pollen from other flowers on the same plants, and these 
did not produce a single capsule. 

We thus see that fifty-five flowers on five of the 
above plants were reciprocally crossed in various ways ; 
several flowers on eaeh of these plants being ferti- 
lised with pollen from several of the other plants. 
These fifty-five flowers produced fifty-two capsules, 
almost all of which were of full size and contained 
an abundance of seeds. On the other hand, seventy- 
nine flowers (besides many others not recorded) were 
fertilised with pollen from other flowers on the same 
plants, and these did not produce a single capsule. 
In one ease in which I examined the stigmas of the 
flowers fertilised with their own pollen, these were 
penetrated by the pollen-tubes, although such pene- 
tration produced no effect. Pollen falls generally, 
and I believe always, from the anthers on the stigmas 
of the same flower; yet only three out of the 
above seven protected plants produced spontaneously 
any capsules, and these it might have been thought 
must have been self-fertilised. There were altogether 
seven such capsules ; but as they were all seated close 
to the artificially crossed flowers, I can hardly doubt 
that a few grains of foreign pollen had accidentally 
fallen on their stigmas. Besides the above seven 
plants, four others were kept covered under the mvM 
largo net; and some of these produced here and 
there in the most capricious manner little groups 
of capsules ; and this makes me believe that a bee, 
many of which settled on the outside of the net, being 
z 
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ivttracted by tlie odour, had ou some one occasion 
t'oiind an entrance, and Imd intercrossed a few of the 
flowers. 

In the spring of 1869 four ]>lants raised fn)m fresh 
seeds were carefully protected under separate nets; 
and now the result was widely different to what it was 
Iwfore. Three of these protecteil plants became actually 
loaded with capsules, esjMJcially during the early part 
of the summer ; and this fact indicates that temi^era- 
ture pro<luces some effect, but the experiment given 
in the following pamgraph shows that the innate con- 
stitution of the plant is a far more important element. 
The fourth plant produced only a few capsules, many 
of them of small size ; yet it was far more self-fertile 
than any of the seven plants tried during the previous 
year. The flowers on four small branches of this 
semi-self-sterile plant were smeared with pt)llen from 
one of the other plants, and they all produced fine 
caiwules. 

As I was much surprised at the diflerence in the 
results of the trials made during the two previous 
years, six fresh plants were protected by separate nets 
in the year 1870. Two of these proved almost com- 
pletely self-sterile, for on carefully searching them 1 
found only three small capsules, each containing either 
one or two seeds of small size, which, however, ger- 
minated. A few flowers on both these plants were 
reciproailly fertilised with each other’s jwllen, and 
a few with jwllen from one of the following self- 
fertile plants, and all these flowers produced fine 
capsules. The four other plants whilst still remaining 
protected beneath the nets presenteil a wonderful 
contrast (though one of them in a somewhat less 
degree than the others), for they hecame actually 
covered with si>ontaneously self-fertilised capsules, ns 
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numonms as, or very nearly so, and as fine as those 
on the unprotected plants growing near. 

The above three spontaneously self-fertilisetl cap- 
sules prisluced by the two almost completely seif- 
sterile phvuts, containe<l altogether five seeds; and 
from these I raised in the f.dlowing year (1871) five 
plant.s, which were kept under separate nets. They 
grew to an extraordinarily large size, and on .Vugust 
29th were examined. At first sight they appeared 
entirely destitute of capsules ; but on carefully search- 
ing their many branches, two or three capsules were 
found on three of the plants, half-a-<lozen on th<» 
fourth, and about eighteen on the fifth plant. But all 
these capsules were small, some being empty; the 
greater number contained only a single see<l, and very 
rarely more than one. After this examination the 
nets were taken off, and the bees immediately carried 
pollen from one of these almost self-sterile plants 
to the other, for no other plants grew near. After a 
few weeks the ends of the branches on all five plants 
Ijecamo coveretl with capsules, presenting a curious 
contrast with the lower and naked i>arts of the same 
long branches. These five plants therefore inherited 
almost exactly the same sexual constitution as their 
parents; ami' without doubt a self-sterile race of 
Mignonette could have been easily established. 

Reseda Plants of this species were raise<l 

from see<ls gathered from a group of wild plants grow- 
ing at no great distance from my garden. After 
casuallv observing that some of these plants were self- 
sterile, two plants taken by hazj\rd were protecbnl 
under separate nets. One of these soon becnm<* 
coveretl with spontaneously self-fertilised cai>sules, a.s 
irtimerous tis those on the surrounding unprotectc<l 
plants; so that it was evidently quite self-fertih;. 
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The other plant was partially self-sterile, producing 
very few capsules, many of which were of small 
size. AA hen, however, this plant had grown tall, 
the uppermost branches l>ecame pressed against the 
net and grew crooked, and in this position the bees 
were able to suck the flowers through the meshes, and 
brought pollen to them from the neighbouring plants. 
These branches then became loaded with cajisules ; 
the other and lower branches remaining almost bare. 
I he sexual constitution of this species is therefore 
similar to that of Reseda odorata. 



Coneluding Remarls m self-stertle Plants. 

In order to favour as far as iwssible the self-fer- 
tilisation of some of the foregoing plants, all the 
flowers on Reseda odorata and some of those on the 
Abutilon were fertilised with pollen from other 
flowers on the same plant, instead of with their own 
IKjUeu, and in the case of the Senecio with jiollen from 
other flowers on the same corymb ; but this made no 
difference in the result. Fritz Jliiller tried both kinds 
of self- fertilisation in the case of Bignonia, Tabenio;- 
montana and Abutilon, likewise with no difference in 
the result. With Eschscholtzia, however, he found 
that pollen from other flowers on the same plant 
was a little more effective than ]>ollen from the 
same flower. So did Hildebrand* in Germany ; as 
thirteen out of fourteen flowers of Eschscholtzia thus 
fertilised set capsules, these containing on an average 
9 • 5 seeds ; whereas only fourteen flow ers out of tw enty- 
one fertilised with their own pollen set capsules, 
these containing on an average 9 '0 seeds. Hildebrand 

• ‘ Pringslieim’s Jabrbueb. fUr wiss. Bobmik,’ vii. p. 467. 
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fouml II trace of a similar rliflfereiice with Coryddlii 
eava, as did Fritz Muller with an Oncidjum." 

In considerinjp the several cases above given of 
complete or almost complete self-sterility, we are first 
struck with their wide distribution throughout the 
vegetable kingdom. Their number is not at pre.sent 
large, for they can be discovered only by protecting 
plants from insects and then fertilising them with 
pollen from another plant of the same species and with 
their own pollen ; and the latter must be proved to 
1 h; in an efficient state by other trials. Unless all 
this bo doni', it is impossible to know whether their 
self-sterility may not be due to the male or female 
reproductive organa, or to both, having been affecteil 
by changeil conditions of life. As in the course of my 
experiments I have found three new cases, and as Fritz 
Muller has observed indications of several others, it is 
probable that they will hereafter be proved to be far 
from rare.t 

As with plants of the same species and parentage, 
some individuals are self-sterile and others self-fertile, 
of which fact Beseda odorata offers the most striking 
instances, it is not at all surprising that species of 
the same genus differ in this same manner. Thus 
Verbaseum pluenieeum and nujrum are self-sterile, whilst 
V. thapsu* and lyehnUia are quite self-fertile, as I 
know by trial. There is the siuue difference betwemi 
some of the species of I'apaver, C'orydalis, and of other 
genera. Nevertheless, the tendency to self-sterility 
certainly runs to a certain extent in groups, as we see 



• ‘ Variulion under Domeati- 
catioii,’ chap. xrii. Zod edit. toI. 

u. pp. ns-iis. 

t Mr. Wililer, the editor of a 
horticultural jiiuroal in the Uniteil 
Slutca (i|iiotod in ' Uardouera’ 



Chronicle.' 1868, p. 1286) atatea 
that Lilium auratam, Impalifut 
jtttUida and /aim. and Fortuthia 
riridiuima, cannot be fertiliiwd 
with their own pollen. 
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in tlie genus I’ussiflum, and with the Vaiuleie amongst 
Orchids. 

Sedf-sterility differs much in degree in different 
plants. In those extraordinary cases in which jjollen 
from the same flower acts on the stigma like a {Miison, 
it is almost certain that the plants would never yield a 
single self-fertilised seed. Other plants, like Corydalia 
cava, occasionally, though very rarely, produce a fewr 
self-fertilised seeils. A large numl>er of species, as 
may be seen in Table F, are less fertile w ith their own 
l>ollen than with that from another plant ; and lastly, 
■some sjiecies are perfectly self-fertile. Even with the 
individuals of the siime species, as just remarked, 
8<jme are utterly self-sterile, others moderately so, and 
some jierfeotly self-fertile. The cause, whatever it may 
he, which renders many plants more or less sterile 
with their own ])ollcn, that is, when they are self- 
fertilised, must be different, at least to a certain extent, 
from that which determines the difference in height, 
vigour, and fertility of the seedlings raised from self- 
fertilised and crossetl seeds; for we have already 
seen that the two classes of cases do not by any means 
run parallel. This want of parallelism would l>e 
intelligible, if it could be shown that self-sterility 
dejK'uded solely on the incapacity of the pollen-tul»e8 
to jienetrate the stigma of the same flower deeply 
enough to reach the ovules ; whilst the greater or less 
vigorous growth of the seedlings no doubt depends on 
the nature of the contents of the pollen-grains and 
ovules. Now it is certain that with some plants the 
stigmatic secretion docs not properly excite the jwllen- 
grains, so that the tubes are not projwrly develoi)ed, 
if the pollen is taken from the same flower. This is 
the case according to Fritz Jliiller with Eschscholtzia, 
for he found that the pollen-tubes did not penetrate 



© The Comolete Work of Charles Darwin Online' 



SELF-STERILE FIRSTS. 



Chak IX. 



343 



the stigma deeply ;* and with the Orchidaceous genus 
Notylia they failed altogether to penetrate it. 

With dimorphic and trimorphic species, pn illegiti- 
mate union between plants of the same form presents 
the closest analogy with self-fertilisation, whilst a 
legitimate union closely resembles cross-fertilisation ; 
and here again the lessened fertility or complete 
sterility of an illegitimate union depends, at least in 
part, on the incapacity for interaction between the 
pollen-grains and stigma. Thus with Linum grandi- 
Jlorum, as 1 have elsewhere shown,t not more than two 
or three out of hundreds of pollen-grains, either of the 
long-styled or short-styled form, when placed on the 
stigma of their own form, emit their tubes, and these 
do not penetrate deeply; nor does the stigma itself 
change colour, as occurs when it is legitimately 
fertilised. 

On the other hand the difference in innate fertility, 
as well as in growth between plants raised from crossed 
and self-fertilised seeds, and the difference in fertility 
and growth between the legitimate and illegitimate 
offspring of dimorphic and trimorphic plants, must 
depend on some incompatibility between the sexual 
elements contained within the jMjllen-grainsand ovules, 
ns it is through their union that new organisms are 
developed. 

If wo now turn to the more immediate cause of 
self-sterility, we clearly see that in most cases it is de- 
termined by the conditions to which the plants have 
been subjected. Thus Eschscholtzia is ctunpletely self- 
sterile in the hot climate of Brazil, but is perfectly 
fertile there with the pollen of any other individual. 
The offspring of Brazilian plants became in England 

* ‘Dot. Zcituiig,’ 186S,P)1. Ill, t ‘Journal of Linn. Soc. Hot.’ 
115. vol. vii. 18t>3. pp. 73-75. 
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in a single generation partially self-fertile, and still 
more so in the second generation. Conversely, the 
offspring of English plants, after growing for two 
seasons in Brazil, became in the first generation quite 
self-sterile. Again, Abutilon darwinii, which is self- 
sterile in its native home of Brazil, became motle- 
rately self-fertile in a single generation in an English 
hothouse. Some other plants are self-sterile during the 
early part of the year, and later in the season become 
self-fertile. Fasaijiom alata lo.st its self-sterility when 
grafted on another species. With Reseda, however, 
in which some individuals of the same parentage are 
self-sterile and others are self-fertile, we are forced in 
our ignorance to sjieak of the cause as due to spon- 
taneous variability ; but we should remember that the 
progenitors of these plants, either on the male or 
female side, may have been exposed to somewhat 
different conditions. The power of the environment 
thus to afteot so readily and in so peculiar a manner 
the reproductive organs, is a faot which has many 
important Ijearings; and I have therefore thought 
the foregoing details worth giving. For instance, the 
sterility of many animals and plants under changed 
conditions of life, such as confinement, evidently comes 
within the same general principle of the sexual 
system being easily affected by the environment. It 
has already been proved, that a cross between plants 
which have been self-fertilised or intercrossed during 
several generations, having been kept all the time 
under closely similar conditions, does not benefit 
the offspring; and on the other hand, that a cross 
between plants that have been subjected to different 
conditions benefits the ofispring to an extraordinary 
degree. We may therefore conclude that some degree 
of differentiation in the sexual system is necessary for 
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the full fertility of the piireiit-plants and for the full 
vipjur of their offspring. It seems also probable tluit 
with those plants which are capable of complete self- 
fertilisation, the male and female elements and organs 
already differ to an extent sufficient to excite their 
mutual interaction ; but that when such plants are 
taken to another country, and become in consequence 
self-sterile, their sexual elements and organs are so 
acted on as to be rendered too uniform for such inter- 
action, like those of a self-fertilised plant long 
cultivated under the same conditions. Conversely, we 
may further infer that plants which are self-sterile in 
their native country, but become self-fertile under 
changed conditions, have their sexual elements so acted 
on, that they become sufficiently differentiated for 
mutual interaction. 

Wo know that self-fertilised seedlings are inferior in 
many respects to those from a cross ; and us with 
plants in a state of nature pollen from the same 
flower can hardly fail to be often left by insects or by 
the wind on the stigma, it seems at first sight highly 
probable that self-sterility has been grailually acquire<l 
through natural selection in order to prevent self- 
fertilisation. It is no valid objection to this belief 
that the structure of some flowers, and the dichogamous 
condition of many others, suffice to prevent the ixdlen 
reaching the stigma of the same flower ; for we should 
remember that with most species many flowers 
expand at the same time, and that i)ollen from the 
same plant is equally injurious or nearly so as 
that from the same flower. Nevertheless, the belief 
that self-sterility is a quality which has been gradually 
acquired for the si)ecial purjKise of preventing self- 
fertilisjition must, I believe, be rejecte<l. In the 
first place, there is no close correspondence in degree 
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between the sterility of the pareiit-]ilants when self- 
fertilised, and the extent to which their oflspring suffer 
in rigour by this process; and some such correspon- 
dence might have been exjiected if self-sterility had 
been acquinnl on account of the injuiy caused by self- 
fertilisation. The fiu-t of individuals of the stune 
jmrentage differing greatly in their degree of self- 
sterility is likewise opposed to such a l>elief ; unl(‘ss, 
indeed, we sup{)08e that certain individuals have 
been renderwl self-sterile to favour intercrossing, 
whilst other individuals have been rendered s«*lf- 
fortile to ensure the projiagution of the species. -The 
fact of self-sterile individuals appearing only occa- 
sionally, as in the case of Lobelia, does not counte- 
nance this latter view. Hut the stnmgest argument 
against the belief that self-sterility has been acquired 
to prevent self-fertilisation, is the immediate and 
jwwerful effect of changed conditions in either causing 
or in removing self-sterility. We are not therefore 
justidi-d in admitting that this ]>eculiar state of the 
reproductive system has been gradually acquired 
through natural selection ; but we must look at it as 
.an incidental result, dependent on the conditions to 
which the plants have been subjected, like the onlinary 
sterility cause<l in the case of animals by confinement, 
and in the case of plants by too much mamms heat, &c. 
I do not, however, wish to maintain that s<‘lf- 8 terility 
may not sometimes be of service to a plant in preventing 
self-fertilisation ; but there are so many other means 
by which this result might be prevented or rendered 
difficult, including ns we shall see in the next chapter 
the prepotency of iwllen from a distinct individual 
over a plant’s own pollen, that self-sterility seems an 
almost 8 Ui>erffuou 8 acquirement for this pur|K>se. 

Finally, the most interesting point in regaitl to self- 
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sterile plants is the evidence which they afford of the 
advantage, or rather of the necessity, of some degree or 
kind of differentiation in the sexual elements, in order 
tliat they should unite and give birth to a new being. 
It was ascertained that the five plants of Reseda odorata 
which were selected by chance, could be perfectly 
fertilised by pollen taken from any one of them, but 
not by their own jx>llen ; and a few additional trials 
were made with some other individuals, which I have 
not thought worth recording. So again, Hildebrand 
and Fritz Muller frequently speak of self-sterile plants 
l)eing fertile with the pollen of any other individual ; 
and if there had been any exceptions to the rule, these 
could hardly have escaiied their observation and my 
own. We may therefore confidently assert that a 
self-sterile plant can be fertilised by the pollen of any 
one out of a thousand or ten thousand individuals of 
the same species, but not by its own. Now it is 
obviously imjwssible that the sexual organs and 
elements of every individual can have been specialised 
with respect to every other individual. But there 
is no difficulty in believing that the sexual elements 
of each differ slightly in the same diversified manner 
as do their external characters ; and it has often been 
remarked that no two individuals are absolutely 
alike. Therefore we can hardly avoid the conclusion, 
that differences of an analogous and indefinite nature 
in the reproductive system are sufficient to excite the 
mutual action of the sexual elements, and that unless 
there be such differentiation fertility fails. 

The appearance of highly self-fertile Varieties . — We 
have just seen that the degree to which flowers are 
capable of being fertilised with their own pollen differs 
mneh, both with the species of the same genus, and 
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sometimes with the individuals of the same species. 
Some allied ca.ses of the ap|)earjince of varieties which, 
when self-fertilised, yield more seed and produce off- 
spring growing taller than their self-fertilised parents, 
or than the intercrossetl plants of the corresixiuding 
generation, will now be considered. 

Firstly, in the third and fourth generations of 
Mitnulus luieus, a tall variety, often alludefl to, 
having largo white flowers blotched with crimson, 
ajipeared amongst both the intercrossed and self- 
fertilised ])iants. It prevailed in all the later self- 
fertilised generations to the exclusion of every other 
variety, and transmitted its characters faithfully, but 
disappeareil from the intercrossed plants, owing no 
doubt to their characters being repeatedly blended by 
crossing. The self-fertilised plants belonging to this 
variety were not only taller, but more fertile than the 
intercrossed plants ; though these latter in the earlier 
generations were much taller and more fertile than the 
self-fertilised plants. Thus in the fifth generation the 
self-fertilised plants were to the intercrossed in height 
as 12G to 100. In the sixth generation they were 
likewise much taller and finer plants, but were not 
actually measured ; they produced capsules compared 
with those on the intercrossed plants, in number, as 147 
to 100 ; and the self-fertilised capsules contained a 
greater number of seeds. In the seventh generation 
the self-fertilised plants were to the crossed in height 
as 137 to 100 ; and twenty flowers on these self-fer- 
tilised plants fertilised with their own pollen yielded 
nineteen very fine capsules, — a degree of self-fertility 
which I have not seen equalled in any other case. This 
variety seems to have become specially adapted to profit 
in every way by self-fertilisation, although this process 
was so injurious to the parent-plants during the first 
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four generations. It should however be remembered 
that seeillings raised from this variety, when crossed by 
a fresh stock, were wonderfully superior in height and 
fertility to the self-fertilise<l plants of the eorresjwnding 
generaticm. 

Secondly, in the sixth self-fertilised generation of 
Ijsuna'a a single j)lant named the Hero apjieared, which 
exceeded by a little in height its intercrossed opponent, 
— case which had not occurred in any previous 
generation. Hero transmitte«l the peculiar colour of 
its flowers, as well as its increased tallness and a high 
degree of self-fertility, to its children, grandchildren, 
and great-grandchildren. The self-fertilise<l children 
of Hero were in height to other self-fertiliscsl plants 
of the same stock as lUO to 85. Ten self-fertilised 
caj)sules produced by the grandchildren contained on 
an average 5 ‘2 seeds; and this is a higher average 
than was yielded in any other generation by the 
capsules of self-fertilise<l flowers. The great-grand- 
children of Hero derived from a cross with a fresh 
stock were so unhealthy, from having been grown at 
an unfavourable season, that their average height in 
comparison with that of the self-fertilised plants 
cannot bo judged of with any safety ; but it did not 
ap|)car that they had profited even by a cross of this 
kind. 

Thirdly, the plants of Nicotiana on which I experi- 
mented appear to come under the present class of 
cases ; for they varied in their sexual constitution 
and were more or less highly self-fertile. They 
were probably the offspring of plants which had bt^*n 
spontaniHjusly self-fertili^ under glass for several 
generations in this country. The flowers on the 
imrent-plants which were first fcrtiliseil by me with their 
own jKillen yielded half again as many seeds as did 
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those which were crossed ; and the seeillings raised 
from these self-fertilised seeds exceeded in height 
those niise<l from the crossed seeds to an extraordinary 
degree. In the second and thinl generations, although 
the self-fertilised plants did not excee<l the crossed in 
height, yet tludr self-fertilised Howers yielded on two 
occasions consiilerably more see<is than the crossed 
flowers, even than thiwe which were crossed with jiolleii 
from a distinct shick or variety. 

Ijistlv, as certain individual plants of Reteda odoraia 
and fti/ea are incomparably more self-fertile than other 
individuals, the former might be included under the 
present liwuling of the appearance of new and highly 
self-fertile varieties. Hut in this case we should have 
to look at these two siiecies as normally self-sterile ; 
and this, judging by my exi>erience, appears to be the 
correct view. 

"NVe may therefore conclude from the facts now given, 
that varieties sometimes arise which when self-fer- 
tilised iJossess an increased power of pnxlucing seeils 
and of growing to a greater height, than the inter- 
crossed or self-fertilised plants of the corresponding 
generation— all the plants being of course subjected 
to the same conditions. The apiiearance of such 
varieties is interesting, as it la-are on the existence 
under nature of plants which regularly fertilise them- 
selves, such as O^rya apifera and a few other orchids, 
or as Leerata oryzoidea, which protluces an abundance 
of cleistogene flowers, but most rarely flowers capable 
of cross-fertilisation. 

Some observations made on other plants lea<l me 
to suspect that self-fertilisation is in some respects 
beneficial ; although the benefit thus derived is as a 
rule very small coinpare<l with that from a cross with 
a distinct plant. Thus we have seen in the last chapter 
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that seedlings of Ipomoea and Jliinulus raised from 
flowers fertilised with their own pollen, which is the 
strictest possible form of self-fertilisation, were superior 
in height, weight, and in early flowering to the seedlings 
raised from flowers crossed with pollen from other flowers 
on the same plant ; and this superiority apparently was 
too strongly marked to be accidental. Again, the cul- 
tivated varieties of the common pea are highly self- 
fertile, although they have been self-fertilised for many 
generations; and they exceeded in height seedlings 
from a cross between two plants belonging to the same 
variety in the ratio of 115 to 100 ; but then only four 
pairs of plants were measured and compared. The 
self-fertility of Primula veris increiised after several 
generations of illegitimate fertilisation, which is a 
process closely analogous to self-fertilistition, but only 
as long as the plants were cultivated under the sjime 
favourable conditions. I have also elsewhere shown* 
that with Primula veris and sinensis, equal-styled 
varieties occasionally appear which possess the sexual 
organs of the two forms combined in the same flower. 
Consequently they fertilise themselves in a legitimate 
manner and are highly self-fertile ; but the remarkable 
fact is that they are rather more fertile than ordinary 
plants of the same species legitimately fertilised by 
pollen from a distinct individual. Formerly it appeared 
to me probable, that the increased fertility of these 
dimorphic plants might be accounted for by the stigma 
lying so close to the anthers that it was impregnated at 
the most favourable ago and time of the day ; but this 
explanation is not applicable to the above given cases, 
in which the flowers were artificially fertilised with 
their own pollen. 

• ‘Journal Linn. Soo. Dot.’ vol. x. 18G7, pp. 417, 419. 
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Considering the facts now adduced, including the 
appearance of those varieties which are more fertile 
and taller than their jiarents and than the intercrossed 
plants of the corresponding generation, it is difficult 
to avoid the suspicion that self-fertilisation is in some 
resi^ects advantageous; though if this be really the 
case, any such advantage is as a rule quite insignifi- 
cant compared with that from a cross with a distinct 
plant, and especially with one of a fresh stock. Should 
this suspicion be hereafter verified, it would throw 
light, as we shall see in the next chapter, on the exist- 
ence of plants bearing small and inconspicuous flowers 
which are rarely visited by insects, and therefore are 
rarely intercrossed. 

Relative Weight and Period of Germination of Seedt 
from crossed and self-fertilised Flowers. — An equal 
number of seeds from flowers fertilised with pollen from 
another plant, and from flowers fertilised with their own 
jx)llen, were weighed, but only in sixteen cases. Their 
relative weights are given in the following list ; that 
of the seeds from the crossed flowers being taken as 100. 

Ipomoea purpurea (parent planta) 

„ „ (third generation). 

Salrin coccinea 

Bnuuica oieracea 

Iberia umbellaU (aecond generation) 

Deiphinium coneolida .... 

Hibiacus africanua 

Tropcolum minua 

Latbjrrua odoratua (about) . . . 

Sarothamnua acopnriua .... 

Specularin a)ieculum 

Xemophila inaignia 

liorago officinalia 

Cpclamen peraicnm (about) . . . 

Fagopynim eaeulentum .... 

Canna waracewiczi (three generationa) 




It is remarkable that in ten out of these sixteen 
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cases the self-fertilised seeds were either superior or 
equal to the crossed iu weight ; nevertheless, in six out 
of the ten cases (viz., with Ipomoea, Salvia, Brassica, 
Tropaeolum, Lathynis, and Nemophila) the plants 
raised from these self-fertilised seeds were very inferior 
in height and in other respects to those raised from the 
crossed seeds. The superiority in weight of the self- 
fertilised seeds in at least six out of the ten cases, 
namely, with Brassica, Hibiscus, Tropmolum, Nemophila, 
Borago, and Canna, may be accounted for in part by 
the self- fertilised capsules containing fewer seeds ; for 
when a capsule contains only a few seeds, these will be 
apt to be better nourished, so as to bo heavier, than 
when many are contained in the same capsule. It 
should, however, be observed that in some of the above 
cases, in which the crossed seeds were the heaviest, as 
with Sarothamnus and Cyclamen, the crossed capsules 
contained a larger number of seeds. Whatever may be 
the explanation of the self-fertilised seeds being often 
the heaviest, it is remarkable in the case of Brassica, 
Tropmolum, Nemophila, and of the first generation of 
Ipomoea, that the seedlings raised from them were 
inferior in height and in other respects to the seed- 
lings raised from the crossed seeds. This fact shows 
how superior in constitutional vigour the crossed seed- 
lings must have been, for it cannot be doubted that 
heavy and fine seeds tend to yield the finest plants. 
Mr. Gal ton has shown that this holds good with Lathyrm 
odoratus ; as has Mr. A. J. Wilson with the Swedish 
turnip, Brassica campestris ruta laga. Mr. Wilson 
separated the largest and smallest seeds of this latter 
plant, the ratio between the weights of the two lots 
being as 100 to 59, and he found that the seedlings 
“from the larger seeds took the lead and maintained 
their superiority to the last, both in height and thick- 
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ness of stem.”* Nor can this difference in the growth 
of the seedling turnips be attributed to the heavier 
seeds having been of crossed, and the lighter of self- 
fertilised origin, for it is known that plants belonging 
to this genus are habitually intercrossed by insects. 

\\ ith resj)ect to the relative period of germination of 
crossed and self-fertilised seeds, a record was kept in 
only twenty-one cases ; and the results are very per- 
plexing. Neglecting one case in which the two lots 
germinated simultaneously, in ten cases or exactly one- 
half many of the self-fertilised seeds germinated before 
the crossed, and in the other half many of the crossed 
before the self-fertilised. In four out of these twenty 
cases, seeds derived from a cross with a fresh stock 
were comjmred with self-fertilised seeds from one of the 
later self-fertilised generations ; and here again in half 
the cases the crossed seeds, and in the other half the 
self-fertilised seeds, germinated first. Yet the seedlings 
of Miiuulus raised from such self-fertilised seeds were 
inferior in all respects to the crossed seedlings, and in 
the case of Eschscholtzia they were inferior in fertility. 
Unfortunately the relative weight of the two lots of 
seeds was ascerhiined in only a few instances in which 
their germination was observed ; but with Ipomcea and 
I believe with some of the other species, the relative 
lightness of the self-fertilised seeds apparently deter- 
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mined their early germination, probably owing to the 
smaller mass being favourable to the more rapid com- 
pletion of the chemical and morphological changes 
necessary for germination. On the other haml, Mr. 
Galton gave me seeds (no doubt all self-fertilised) of 
Lathyrus odoratus, which were divided into two lots of 
heavier and lighter seeds ; and several of the former 
germinated first. It is evident that many more observa- 
tions are necessary before anything can be decidetl 
with respect to the relative period of germination of 
crossed and self-fertilised seeds. 
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CHAPTEE X, 

Meass of Febtiluatioh. 

Sterility aiul fertility of pUnts when ineccta are ezclnded — The means 
by which flowers arc croes-fcrtilised — Structures favourable to self- 
fertilisation — Relation between the structure and oonspicuousneas 
of flowers, the visits of insects, and the advsntn;^ of cross-fertilisa- 
tion — The means by which flowers are fertilised with pollen 
from a distinct plant — Greater fertilising power of such pollen 
— Anemophilous species — Conversion of ancmophilous species into 
entomophilous — Origin of nectar — Ancmophilous plants generally 
have their sexes separated — Conversion of diclinous into herma- 
phrodite flowers — Trees often have their sexes separated. 

In the introductory chapter I briefly specified the 
various means by which cross-fertilisation is favoured 
or ensured, namely, the separation of the sexes, — the 
maturity of the male and female sexual elements at 
different periods, — the heterostyled or dimorphic 
and trimorphic condition of certain plants, — many 
mechanical contrivances, — the more or less complete 
inefficiency of a flower’s own pollen on the stigma, — and 
the prepotency of pollen from any other individual 
over that from the same plant. Some of these points 
require further consideration ; but for full details I 
must refer the reader to the several excellent works 
mentioned in the intrwluction. I will in the first place 
give two lists : the first, of plants which are either quite 
sterile or j)roiluce less than about half the full com- 
plement of seeds, w hen insects are excluded ; and a 
second list of ]>lants which, when thus treated, are fully 
fertile or produce at least half the full complement 
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of seeds. These lists have been compiled from the 
several previous tables, with some additional eases from 
my own observations and those of others. The species 
are arranged nearly in the order followed by Lindley 
in his ‘Vegetable Kingdom.’ The reader should 
observe that the sterility or fertility of the plants in 
these two lists depends on two wholly distinct causes ; 
namely, the absence or presence of the proper means 
by which pollen is applied to the stigma, and its less 
or greater efficiency when thus applied. As it is 
obvious that with plants in which the sexes are separate, 
pollen must be Ciirried by some means from flower to 
flower, such species are excluded from the lists ; as 
arc likewise dimorphic and trimorphic plants, in which 
the same necessity occurs to a limited extent. Ex- 
perience has proved to me that, independently of the 
exclusion of insects, the seed-bearing power of a plant 
is not lessened by covering it while in flower under a 
thin net supported on a frame ; and this might indeed 
have been inferred from the consideration of the two 
following lists, as they inelude a considerable number 
of species belonging to the same genera, some of which 
are quite sterile and others quite fertile when protected 
by a net from the access of insects. 

List of Plants which, when Insects are excluded, are either 
quite sterile, or ‘produce, as far as I could judge, less 
than half the number of Seeds produced hy unpro- 
tected Plants. 

Patsiftora alata, racemota, axrulea, edulis, lauri/oUa, and some 
individnals of P. quadranguJaris (Fassifloraccai), are quite 
sterile under these conditions: see ‘Variation of Animals 
and Plants under Domestication,’ chap. xvii. 2nd edit vol. ii. 

p. 118. 

VMa canina (Violacem). — Perfect flowers quite sterile unless 
fertilised by bees, or artificially fertilised. 
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I tricolor.—Sots very few and ]X)or capeulcs. 

Iletetla odorata (Resedacete).— Some individuals quite sterile. 

H. Some individuals produce very few and poor cap- 

sules. 

Abntilm ilarwinii (Malvaceffi). — Quite sterile in Brazil : see 
previous discussion on self-sterilc plants. 

Nymph(xa (Nymphmacero). — Professor Caspary informs me that 
some of the species are quite sterile if insects are excluded. 

Kitrtjale amazonica (Nymplueaccffi).— Mr. J. Smith, of Kew, in- 
forms mo that capsules from flowers left to themselves, and 
probably not visited by insects, contained from eight to fif- 
teen seeds; those from flowers artificially fertilised with 
pollen from other flowers on the same plant contained from 
fifteen to thirty seeds ; and that two flowers fertilised with 
iwllen brought from another plant at Chatsworth contained 
respectively sixty and seventy-five seeds. I have given 
these statements because Professor Caspary advances this 
plant os a case opposed to the doctrine of the necessity or 
advantage of cross-fertilisation: see Sitznngsberichte der 
Phys.-okon. Gcscll. zu Konigsberg, B. vi. p. 

Delphinium consdidn (Ranunculacese). — Produces many capsules, 
but these contain only about half the number of seeds com- 
])ared with capsules from flowers naturally fertilised by 
l«e8. 

Kuchschdizia coH/omiea (Papaveraeeffi). — Brazilian plants quite 
sterile : English plants produce a few capsules. 

rajen^r vagum (Papavcraccffi).— In the early part of the summer 
luoduoed very few capsules, and these contained very few 
seeds. 

P. alpinum.—H. Hoffmann (‘ Spociesfrage,’ 1875, p. 47) states 
that this species produced seeds capable of germination only 
on one occasion. 

('oryt/ofi* cavo (Fumariacese). — Stcnle; seethe previous discus- 
sion on self-sterile plants. 

C. noHda. — I had a single plant in my garden (1863), and saw 
many hive-bees sucking the flowers, but not a single seed 
was produced. 1 was much surpris^ at this fact, as Pro- 
fessor Hildebrand’s discovery that C. cava is sterile with its 
own pollen had not then been made. He likewise concludes 
from the few experiments which he made on the present 
species that it is self-sterile. The two foregoing cases are 
interesting, because botanists formerly thought (see, for 
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instance, Locoq, ‘ De la Ftondation et do I’Hybridntion,’ 
1845, p. 61, and Lindley, ‘Vegetable Kingdom,’ 1853, p. 486) 
that all the species of the Fumariaccte were specially adapted 
for self-fertilisation. 

C. luiea . — A covered-up plant produced (1861) exactly half as 
many capsules as an exposed plant of the same size grow- 
ing close alongside. When humble-bees visit the flowers 
(and I repeatedly saw them thus acting) the lower petals 
suddenly spring downwards and the pistil upwards; this 
is duo to the elasticity of the ports, which takes effect, as 
soon as the coherent edges of the hood are seimrated by the 
entrance of an insect. Unless insects visit the flowers the 
parts do not move. Nevertheless, many of the flowers on 
the plants which I had protected protlnced capsules, not- 
,withstanding that their i>etals and pistils still retained their 
original position ; and I found to my surprise that these 
capsules contained more seeds than those from flowers, the 
petals of which had been artificially separated and allowed 
to spring apart. Thus, nine capsules produced by undis- 
turbed flowers contained fifty-three seeds ; whilst nine cap- 
sules from flowers, the petals of which had been artificially 
separated, contained only thirty-two seeds. But we should 
remember that if bees had been permitted to visit these 
flowers, they would have visited them at the best time for 
fertilisation. The flowers, the petals of which had been 
artificially separated, set their capsules before those which 
were left undisturbed under the net. To show with what 
certainty the flowers are visited by bees, I may add that 
on one occasion all the flowers on some unprotected plants 
were examine<l, and every single one had its petals sepa- 
rated ; and, on a second occasion, forty-one out of forty- 
three flowers were in this state. Hildebrand states (Pring. 
Jahr. f. wiss. Botanik, B. vii., p. 450) that the mechanism 
of the ports in this species is nearly the same as in C. oehro- 
kuca, which he has fully described. 

Ilypecoum grandiflorum (Fumariaceae).— Highly self-sterile (Hil- 
debrand, ibid.). 

Kalmia lati/olia (Ericaceffi).— Mr. W. J. Beal says (‘ American 
Naturalist,’ 1867) that flowers protected from insects wither 
and drop off, with “ most of the anthers still remaining in 
the pockets.” 

Pdargonium zonale (Geraniocc®).— Almost sterile; one plant 
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produced two fruits. It is probable that different yarieties 
would differ in this resjxict, as some are only feebly dicho- 
gamous. 

Dinnthus caryojihyUut (Caryophyllacea:). — Produces yery few 
capsules, which contain any good seeds. 

Phatedm multiftoms (Leguminosse). — Plants protected from 
insects produced on two occasions about one-third and one- 
eighth of the fall number of seeds: see my article in 
‘ Gardeners’ Chronicle,’ 1857, p. 225, and 1858, p. 828 ; also 
‘ Annals and Mag. of Natural History,’ 3rd series, yol. ii. 
1858, p. 462. I)r. Ogle (' Pop. Science Reyiew,’ 1870, p. 168) 
found that a plant was quite sterile when coycred up. The 
flowers are not yisited by insects in Nicaragua, and, accord- 
ing to Mr. Belt, the species is there quite sterile : ‘ The 
Naturalist in Nicaragua,’ p.70. 

Viciafaba (Leguminos®).— Seyenteen coycred-up plants yielded 
40 beans, wliilst seyenteen plants loft unprotect^ and 
growing close alongside produced 135 beans; these latter 
plants were, therefore, between three and four times more 
fertile than the prot4'cted plants : see ‘ Gardeners’ Chronicle ’ 
for fuller details, 1858, p. 828. 

Erythrina (sp. f) (Leguminos®).— Sir W. MacArthur informed 
me that in New South Wales the flowers do not set, unless 
the petals are moved in the same manner as is done by 
insects. 

iMthyrut (jlandijlorui (Legnminos®). — Is in this country more or 
loss sterile. It never sets ix)ds unless the flowers are visited 
by humble-bees (and this happens only rarely), or unless 
they are artificially fertilised : see my article in ‘ Gardeners’ 
Chronicle,’ 1858, p. 828. 

Sarotliamnui tcoparius (Leguminos®). — Extremely sterile when 
the flowers are neither visited by bees, nor disturbed by 
being beaten by the wind against the surrounding net. 

Mdilotus officinalis (Leguminos®).— An unprotected plant visited 
by bees produced at least thirty times more seeds than a 
protected one. On this latter plant many scores of racemes 
did not produce a single pod; several racemes produced 
each one or two pods ; five produced three ; six produced 
four; and one produced six pods. On the unprotected plant 
each of several racemes produced fifteen pods ; nine pro- 
duced between sixteen and twenty-two pods, and one 
produced thirty pods. 
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lotus cornicu/atus (Leguminosse). — Several covered-up plants 
produced only two empty pods, and not a single good seed. 

Trifolium rtptns (Leguminosffi).— Several plants were protected 
from insects, and the seeds from ten flower-heads on these 
plants, and from ten heads on other plants growing outside 
the net (which I saw visited by liees), were counted ; and 
the seeds from the latter plants were very nearly ten times 
as numerous as those from the protected plants. The ex- 
periment was repeated on the following year ; and twenty 
protected heads now yielded only a single aborted seed, 
whilst twenty heads on the plants outside the not (which I 
saw visited by bees) yielded 2290 seeds, as calculated by 
weighing all the seed, and counting the number in a weight 
of two grains. 

T. pratmse . — One hundred flower-heads on plants protected by 
a net did not produce a single seed, whilst 100 heads on 
plants growing outside, which were visited by liees, yielded 
68 grains weight of seeds ; and as eighty seeds weighed two 
grains, the 100 heads must have yielded 2,720 seeds. I have 
often; watched this plant, and have never seen hive-bees 
sucking the flowers, except from the outside through holes 
bitten by humble-bees, or deep down between the flowers, as 
if in search of some secretion from the calyx, almost in the 
same manner as described by Mr. Fairer, in the case of 
Coronilla (‘Nature,’ 1874, July 2, p. 169). 1 must, how- 
ever, except one occasion, when an adjoining field of sainfoin 
{Iltdysarum ondbrychis) bad just been cut down, and when 
the bees seemed driven to desperation. On this occasion 
most of the fiowers of the clover were somewhat withered, 
and contained an extraordinary quantity of nectar, which 
the bees were able to suck. An exjierienced apiarian, 
Mr. Miner, says that in the United States hive-bees never 
suck the red clover ; and Mr. R. Colgate informs me that 
he has ol)served the same foot in New Zealand after the 
introduction of the hive-bee into that island. On the other 
hand, H. Milller (‘ Befruchtung,’ p. 224) has often seen hive- 
bees visiting this plant in Germany, for the sake both of 
pollen and nectar, which latter they obtained by breaking 
apart the petals. It is at least certain that humble-bees ate 
the chief fertilisers of the common red clover. 

T. incamatum . — The flower-heads containing ripe seeds, on some 
covered and uncovered plants, appeared equally fine, but 
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this was a false appearance; 60 heads on the latter yielded 
349 grains weight of seeds, whereas CO on the covered-np 
plants yielded only 63 grains, and many of the seeds in the 
latter lot were poor and aborted. Therefore the flowers 
which were visited by bees produced between five and six 
times as many seeds as those which were protected. The 
cove^-uj) plants not having been much exhausted by seed- 
liearing, bore a second considerable crop of flower-stems, 
whilst the exjinsed plants did not do so. 

Cytiiui laburnum (Legnminos®).— Seven flower-racemes ready to 
expand were enclosed in a large bag made of net, and they 
did not seem in the least injured by thU treatment Only- 
three of them produced any pods, each a single one; and 
these three pods contained one, four, and five seeds. So 
that only a single pod from tlie seven racemes included a 
fair complement of seeds. 

Cupbea purpurea {liythracese).— Produced no seeds. Other flowers 
on tlie same plant artificially fertilised under the net yielded 
seeds. 

Vinca major (Apocynacese). — Is generally quite sterile, but some- 
times sets seeds when artificially cross-fertilised : see my 
notice, ‘Gardeners’ Chronicle,’ 1861, p. 552. 

V. romi, — Behaves in the same manner as the last species: 
‘ Gardeners’ Chronicle,’ 1861, pp. 699, 736, 831. 

Tabemamontana eehinata (Apocynacese). — Quite sterile. 

Petunia vMaeea (Solanacese).-^te sterile, as for as I have 
observed. 

Solanum tuberotum (Solanace®). — Tinzmann says (‘Gardeners’ 
Chronicle,’ 1846, p. 183) that some varieties are quite sterile 
unless fertih'sed by pollen from anoUior variety. 

Primula seolica (Ptimulaccm). — A non-dimorpbic species, which 
is fertile with its own pollen, but is extremely sterile if 
insects are excluded. J. Scott, in ‘ Journal Linn. Soc. Bot.’ 
vol. viii. 1864, p. 119. 

Cortuta matthiUi (Primulace®).— Protecteil plants completely 
sterile; artificially self-fertilised flowers perfectly fertile. 
J. Scott, ibid. p. 84. 

Cyclamen perticum (Primulaceffi).— During one season several 
covered-up ]>Iants did not pi^uco a single seed. 

Borago officinalis (Boraginaceaj).— -Protected plants produced 
about half as many seeds as the unprotected 

Salvia tenori (Labiatm).— Quite sterile; but two or three flowers 
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on the summite of three of the spikes, which touched the 
net when the wind blew, produced a few seeds. Hus 
sterility was not due to the injurious effects of the net, for I 
fertilise five flowers with pollen from an adjoining plant, 
and tliese all yielded fine seeds. I removed the net, whilst 
one little branch still bore a few not completely faded 
flowers, and these were visited by bees and yielded seeds. 

S. coccinea. — Some covered-up jdants protluccd a good many 
fruits, but not, 1 think, half as many as did the uncovered 
plants ; twenty-eight of the fruits B]x>utaneously i>roduced 
by the protected plant contained on an average only 1‘ 45 
seeds, whilst some artificially self-fertilised fruits on the 
same plant contained more than twice as many, viz., 8' 3 
seeds. 

liigmmia (unnamed species) (Bignoniacete).— Quite sterile: see 
my account of self-sterile plants. 

Digitalis jmrjmrfi (Scrophulariaceae). — Extremely sterile, only a 
few poor capsules lieing produced. 

Linaria vulgaris (Scrophulariacese). — Extremely sterile. 

Antirrhinum majus, red var. (Scrophniariace®).— Fifty jxids 
gathered from a large plant under a net contained !)'8 grains 
weight gf seeds ; but many (imfortnnately not counted) of 
the fifty pods contained no seeds. Fifty i)ods on a plant 
fully exjwsod to , the visits of humble-bees contained !13 1 
grains weight of seed, that is, more tlian twice the weight ; 
but in this case again, several of the fifty i>ods contained no 
seeds. 

A. majus (white var., with a pink mouth to the corolla). — 
Fifty pods, of which only a very few were empty, on a 
covored-np ])lont contained 20 grains weight of seed; so 
that tliis variety seems to bo much more self-fertile than 
the previous one. With Dr. W. Ogle (‘I’op. Science 
Review,’ Jan. 1870, p. 52) a j)Iant of tliis species was much 
more sterile when protected from insects than with me, for 
it produced only two small capsules. As showing the 
efficiency of bees, I may add that Mr. Crocker castrated some 
young flowers and left them uncovered ; and these produced 
as many seeds as the unmutilatcd flowers. 

A, majus (peloric var.). — This variety is quite fertile when arti- 
ficially fertilised with its own pollen, but is utterly sterile 
when left to itself and uncovered, as humble-bees cannot 
crawl into the narrow tubular flowers. 
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Fer6a»c«m p/taniceum (ScropliuIariacesB).— Qaite sterile I 

V. nigrum. — Quite sterile iSspiMt*. 

Campanula carpathica (Lobeliscese). — Quite sterile. 

Lciielia ramota (Lobeliaccse). — Quito sterile. 

L./ulgem. — This plant is never visited in my garden by bees, 
and is quite sterile; but in a nursery-garden at a few miles’ 
distance 1 saw bumble-bees visiting the flowers, and they 
produced some capsules. 

Isotoma (a white-flowered var.) (Lobeliaoe®). — Five plants left 
unprotected in my greenhouse product twenty-four fine 
capsules, containing altogether grains weight of seed, 
and thirteen other very poor capsules, which were rejected. 
Five plants proteoted from insects, but otlierwise exposcrl 
to the same conditions as the above plants, produced sixteen 
fine capsules, and twenty other very iwor and rejected ones. 
'The sixteen fine capsules contained s^s by weight in such 
proportion that twenty-four would have yielded 4 '06 
grains. So that the unprotected plants produced nearly 
thrice as many seeds by weight as the protected plants. 

Letchenaultia formom (Qoodeniaccte). — Quite sterile. My experi- 
ments on this plant, showing the necessity of insect aid, 
are given in the * Gardeners’ Chronicle,’ 1871, p. 1166. 

Senecio criientus (Composite). — Quito sterile : see my account of 
self-sterile plants. 

Biterocentron mtxieanum (Malastomaccse). — Quite sterile; but 
this species and the following members of the group pro- 
duce plenty of seed when artificially self-fertilised. 

Rhexia glandulota (Melastomaceffi).— Set spontaneously only two 
or three capsules. 

Centradeniii /ioriAunda (Melastomaceto). — During some years pro- 
duced spontaneously two or three capsules, sometimes 
none. 

Pteroma (unnamed species from Kew) (Melastomacete). — During 
some years produced spontaneously two or throe capsules, 
sometimes none. 

Monochaetum enni/erum (Melastomaceffi). — During some years pro- 
duced spontaneously two or three capsules, sometimes 
none. 

TIedychium (unnamed species) (Marantaceffi). — Almost self-sterile 
without aid. 

Orehidea.—kn immense proportion of the sijecies sterile, if 
insects are excluded. 
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List of Plants, which when protected from Insects are 
either quite Fertile, or yield more than half the Number 
of Seeds produced hy unprotected Plants. 

Pastiflom gracilis (Passiflorace®).— Produces many fruits, but 
these contain fewer seeds than fruits from intercrossed flowers. 

lirassica olei-acea (Crucifer®). — Produces many capsules, but 
these generally not so rich in seed as those on uncovered 
plants. 

Itaphanus sativus (Crucifer®). — Half of a large branching plant 
was covered by a net, and was as thickly covered with 
capsules as the other and nnprotected half; but twenty of 
the capsules on the latter contained on an average 3'5 
seeds, whilst twenty of the protected capsules contained only 
1-85 seeds, that is, only a little more than half the number. 
This plant might perhaps have been more properly included 
in the former list 

Jberis umbellata (Crucifer®). — Highly fertile. 

J. amara . — Highly fertile. 

Seseda odorata and lutea (Resedace®). — Certain individuals com- 
pletely self-fertile. 

Euryahftrox (Nymph®ace®).— Professor Caspary informs me that 
this plant is highly self-fertile when insects are excluded. He 
remarks in the paper before referred to, that his plants (as 
well as those of the Victoria regia) produce only one flower 
at a time; and that as this species is an annual, and was 
introdnced in 1809, it must have been self-fertilised for the 
last fifty-six generations ; but Dr. Hooker assures me tliat to 
his knowledge it has been repeatedly introduced, and that at 
Kew the same plant both of the Euryale and of the Victoria 
produce several flowers at the same time. 

Xymphaa (Nymphffiace®).— Some species, as I am informed by 
Professor Caspary, are quite self-fertile when insects are 
excluded. 

Ailonis (esticatis (Rannnculace®).— Produces, according to Pro- 
fessor H. Hoffmann (‘ Speciesfrage,’ p. 11), plenty of seeds 
when protected from insects. 

llanuHculus acris (Ranunculate®).— Produces plenty of seeds 
under a net. 

Papaeer somntferum (Papaverace®). — Thirty capsules from un- 
covered plants yielded 15 -6 grains weight of seed, and thirty 
capsules from covered-up plants, growing in the same bed, 
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yielded 16 '5 grains weight; so that the latter plants were 
more prodnctire than the uncovered. Professor H. Hoffmann 
(‘ Speciesfrage,’ 1875, p. 53) also found this species self-fertile 
when protected from insects. 

P. vagtim. — Produced late in the summer plenty of seeds, which 
germinated well. 

P. argemonoida . . . .] Aocordin* to Hildebrand (• J«hr- . 

GWumfe^fPa^veraceie) . 

Argemone ochroleuta ( Papareraceas) . J ara by no mrani sterile. 

AdlumUi ciirhosa (PumariacesB).— Sets an abimdance of capsules. 

ligpecoum procumbent (Fumariace»X Hildebrand says (idem), 
with respwt to protected flowers, that “ eine gute Frucht- 
bildnng eintrete.” 

Pufnartao^c«n«i/<(Fumariacea3).— Coverod-up and unprotocteil 
plants apparently produced an equal number of capsules, 
and the seeds of the former seemed to the eye equally good. 

1 have Oden watched this plant, and so has Hildebrand, and 
we have never seen an insect visit the flowers. H. Mtiller 
has likewise been struck with the rarity of the visits of insects 
to it, though he luis sometimes seen hive-bees at work. 
The flowers may perhaps be visited by small moths, as is 
probably the case with the following species. 

F. caprevtata . — Several large beds of this plant growing wild 
were watched by me during many days, but the flowers 
were never visited by any insect^ though a humble-bee 
was once seen closely to inspect them. Nevertheless, as 
the nectary contains much nectar, especially in the evening, 
I felt convinced that they were visited, probably by motlis. 
The petals do not naturally seiiarate or open in the least ; 
bnt they had been opened by some means in a certain pro- 
portion of the flowers, in the same manner as follows when 
a thick bristle is pushed into the nectary ; so that in this 
resixjct they resemble the flowers of Corydalit lutea. Thirty- 
four heads, each including many flowers, were examined, 
and twenty of them had from one to four flowers, whilst 
fourteen had not a single flower thus opened. It is there- 
fore clear that some of the flowers had been visited by 
insecte, while tlie majority hud not ; yet almost all produced 
capsules. 

Linum utilutittimum (Linacc®).— Appears to bo quite fertile. 
H. Hoffmann, ‘ Bot. Zeitung,’ 1876, p. 566. 

Impatient barbigerum (Balsaminaceffl).— The flowers, though ex- 
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cellently adapted for cross-fertilisation by the bees which 
freely visit them, set abundantly nnder a net. 

A noh-me-tangere (Balssminacea!).— This species produces cleis- 
togene and perfect flowers. A plant wjis covered with a net, 
and some perfect flowers, marked with threads, produced 
eleven spontaneously self-fertilised capsules, which contained 
on an average 3 ‘45 seeds. I neglected to ascertain the 
number of seeds produced by perfect flowers exposed to the 
visits of insects, but I believe it is not greatly in excess of 
the above average. Mr. A. W. Bennett has carefully described 
the structure of the flowers of I. fulva in ‘ Journal Linn Soc ’ 
vol. xui. Bot. 1872, p. 147. This latter specie., is said to 
be stenlewith its own pollen (‘Gard. Chronicle,’ 1868, p. 
1286), and if so, it presents a remarkable contra.st with J 
barbtgerum and noU^me-tanmi'e, 



Limnanthes douglasii (Geraniaceae).— Highly fertile 

VU^aria ocuU^ta (Caryophyllacea)).-PitxInceH plenty of capsules 
with good seeds. 

SMlaria media (Caryophyllaceffi).-Covered-up and uncovered 
plants produced an equal number of capsules, and the seeds 
m both appeared equally numerous and good. 

Beta vulgaris (Chenopodiaceas).— Highly self-fertile 

Vicia sativa (Leguu,inoea)).-Protected and unprotected plants 
produced an equal number of pods and equally fine seeds 
If there was any difference between the two lots, the covered- 
up plante were the most productive. 

V. hirsuta. — This species boars the smallest flowers of any 
British leguminous plant. The result of covering np plants 
was exactly the same as in the last species. 

Pisum sativum (Leguminosm).— Fully fertile. 

JxUhyrus odoratus (Leguminota;).— Fully fertile. 

L. BtMoiia.— Fully fertile. 

Lupinm luteus (Leguminoste).— Fairly productive. 

L. pilosws.— Produced plenty of pods. 

iJnonis minuUssima (Leguminosffi).-Twelve perfect flowers on a 
plant under a not were marked by tlireads, and produced 
eight pods, containing on an average 2-38 seeds. Pcsis 
produced by flowers visited by insects would probably have 
contained on an average 3 ‘66 seeds, judging from the effects 
of artificial cross-fertilisation. 

Phaseolus vulgaris (L^'uminosai).— Quito fertile. 

Trifolium arvente (Leguminoste).-The excessively small flowers 
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are iocessantly Tisited by hive and humble-bees. When 
insects were excluded the flower-heads seemed to produce as 
many and as fine seeds as the exposed heads. 

T. procumbeiis . — On one occasion covered-up plants seemed to 
yield as many seeds as the uncovered. On a second occasion 
sixty uncovered flower- heads yielded 9‘1 pmins weight of 
seeds, whilst sixty heads on protected plants yielded no less 
than 17 '7 grains; so that these latter plants were much 
more productive ; but this result 1 suppose was accidental. 
I have often watched this plant, and have never seen the 
flowers visited by insects ; but I suspect that the flowers of 
this species, and more especially of Ti-ifolium minus, are 
frequented by small nocturnal moths which, as 1 hear from 
Mr. Bond, haunt the smaller clovers. 

Medicago lujnUina (LegnminosieX — ®n account of the danger of 
losing the seeds, I was forced to gather the pods before they 
wore quite ripe; 150 flower-heads on plants visited by bees 
yielded pods weighing 101 grains; whilst 150 heads on 
protected plants yieldrd pods weighing 77 grains. The 
inetiuality would probably have been greater if the mature 
seeds could have been all safely collected and compared. 
Ig. Urban (Keimung, Bluthen, &c., bei Medicago^ 1873) has 
described the means of fertilisation in this genus, as lias the 
Rev. G. Henslow in the ‘ Journal of Linn. Soc. Dot.’ vol. ix. 
1866, pp. 827 and 355. 

Xicotiana tuhucum (Solanaceae). — Fully self-fertile. 

Ipomoca purpurea (Convolvulaccsa). — Highly self-fertile. 

Leptoeiplion andneaceut (Polcmoniacew). — Plants under a net 
produced a good many capsules. 

trimula mof/M(lhimalacete). — A non-dimorjihic species, self-fer- 
tile: J. Scott, in* Journal Liim. Soc. Hot.’ vol. viiL 1864, p. 120. 

NoUina proetrata (Nolanaccffi). — I’lants covered up in the green- 
house, yielded seeds by weight compared with uncovered 
plants, the flowers of which were visited by many bees, 
in the ratio of 100 to 61. 

Ajaga replans (Labiat®).— Set a good many seeds; but none of 
the stems under a net produced so many as several un- 
covered stems growing closely by. 

Jiuphrasia officinalis (Scropbulariaccac). — Covered-np plants pro- 
duced plenty of seed ; whether less than the expos^ plants I 
cannot say. I saw two small Dipterous insects (l)olichopos 
nigiip’nnis and Jb'fnpis cliiojilera^ repeatedly sucking the 
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flo wers ; as they crawled into them, they rubbed against the 
bristles which project from the anthers, and became dusted 
with pollen. 

VercnicaasreUis (Scrophnlariacew).— Covered-up plants produced 
an abundance of seeds. I do not know whether any insects 
visit the flowers; but I have observed Sjrphidffi repeatedly 
covered with pollen visiting the flowers of V. keder(rfdia and 

cham»dry9, 

Mimulia luteiu (Scrophulariacess).— Highly self-fertile. 

Calceolaria (greenhouse variety) (Scrophulariace®).— Highly self- 
fertile. 

Verhatcum thapnue (Scrophulariacc®).— Highly self-fertile. 

V. Highly self-fertilo. 

Yanddlia nummular {folia (Scrophulariacese).— Perfect flowers 
produce a good many capsules. 

Barisia o’hmtHee (Scrophulariacc®).— Covered- up plants produced 
a good many seeds ; but several of these were shriveUed, nor 
were they so numerous as those produced by unprotected 
plants, which were incessantly visited by hive and humble- 
bees. 

Specnlaria speculum (Lobeliace®). — Covered plants produced 
almost as many capsules as the imcovered. 

Lactiica saliva (Composit®).— Covered plants produced some 
seeds, but the summer was wet and mifavourable. 

Galium uparine (Bubiaccffi).— Covered plants produced quite as 
many seeds as the uncovered. 

Apium petroselinum (Umbellifer®).— Covered plants apparently 
were as productive as the uncovered. 

Zea mays (Gramme®). — A single plant in the greenhouse 
produced a good many grains. 

Canna u-arscewicti (Marantace®).— Highly self-fertile. 

OrchidacecK. — In Europe Ophry^ apifera is as regularly self- 
fertilised as is any cleistogene flower. In the United States, 
South Africa, and Australia there are a few species which 
are perfectly self-fertila These several cases are given in 
the 2nd edit, of my work on the Fertilisation of Orcliids. 

Allium cepa (blood red var.) (Liliacea).-Four flower-heads were 
covered with a net, and they produced somewhat fewer and 
smaller capsules than those on the uncovered heads. The 
rapsules were counted on one uncovered head, and were 289 
in number ; whilst those on a fine head from under the net 
were only 199. 

2 B 
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Each of these lists contains by a mere accident the 
winie number of genera, viz., forty-nine. The genera 
in the first list include sixty-five species, and those in 
the second sixty species ; the Orchidea) in both being 
excluded. If the genera in this latter order, as well as 
in the Asclepiadaj and Apocynacese, had been included, 
the number of species which are sterile if insects are 
excluded would have been greatly increased ; but the 
lists are confined to species which were actually expe- 
rimented on. The results can be considered as only 
approximately accurate, for fertility is so variable a 
character, that each species ought to have been tried 
many times. The above number of species, namely, 
125, is as nothing to the host of living plants; but 
the mere ftujt of more than half of them being sterile 
within the specified degree, when insects are excludetl, 
is a striking one ; for whenever pollen has to be carried 
from the anthers to the stigma in order to ensure full 
fertility, there is at least a good chance of cross-fertili- 
sation. I do not, however, believe that if all known 
plants wem tried in the same manner, half would be 
found to be sterile within the specified limits; for 
many flowers were selected for experiment which pre- 
sented some remarkable structure; and such flowers 
often require insect-aid. Thus out of the forty-nine 
genera in the first list, about thirty-two have flowers 
which are asymmetrical or present some remarkable 
peculiarity ; whilst in the second list, including species 
which are fully or moderately fertile when insects were 
excluded, only about twenty-one out of the forty-nine 
are asynmietrical or present any remarkable peculiarity. 

Means of cross-fertilisation . — The most imijortant ol 
all the means by which pollen is carried from the 
anthers to the stigma of the same flower, or from flower 
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to flower, are insects, bclonsinj; to tlic orders of 
Hymenoptera, Lepidoptera, and Diptera ; and in some 
parts of the world, birds.* Next in importance, but 
in a quite subonlinate degree, is the wind ; and with 
some aquatic plants, according to Dclpino, currents of 
water. The simple fact of the necessity in many cases 
of extraneous aid for the transport of the pdlen, and tin* 
many contrivances for this purpise, render it highly 
probable that some great kuiefit is thus gained ; and 
this conclusion has now been firmly established by the 
proved superiority in growth, vigour, and fertility of 
plants of crossed parentage over those of self-fertilised 
parentage. But we should always keep in mind that 
two somewhat opp>sed ends have to be gained; the 
first and more impirtant one being the pnaluction 



• I will hero kIto all the caoeg 
known to mo of birds fortilising 
ilowerg. In South Brazil, hum- 
niing-hirds certainly fertUiae the 
Torions gpecios of Abntilon, which 
are aterilo without their aid : (Fritz 
Muller, ‘ Jenaioche Zeitochrift f. 
NaturwUs ’ B. vii. 1872, p. 24.) 
Long-iR'uked humming-birds visit 
the flowers of Brugmansia, wliilst 
gome of Iho short-tieaked species 
often penetrate its large corolla in 
order to obtain the nectar in an 
iUegitimuto manner, in the same 
manner as do bees in all parts of 
the world. It apptarg, imleed, 
that the Ijcaks of humming-birds 
are specially adapted to the va- 
rious kinds of flowers which they 
visit: on the Cordillera they suck 
the Salvia), and lacerate the 
flowers of the Tacsoniie ; in Nica- 
ragua, Mr. Ik'lt saw them socking 
the flowers of Haregravia ao<l 
Erythrina, and thus flioy carried 
pollen from flower to flower. In 
North America they are snid to 
frequent the flowers of Impniicns : 
(Gould, ‘ Introduction to tlic Tro- 



chilidfB,' 18U1, pp. 15, 120 ; ‘ Card, 
Chronicle,’ 1801), p. 389; ‘The 
Natiirali-t in Nicaragua,’ p. 129; 
‘Journal of Linn. Soc. But’ vol. 
xiii. 1872, p. 151.) I may add 
that I oft n SAW in Chile a jVlimua 
with its head yellow with pollen 
from, as I believe, a Cassia. I 
have been assured that at the 
Cape of Good Hope, Strelitzia is 
fertilised by the Neetarinhln;. 
There can hardly be a doubt that 
many Australian flowers are fer- 
tilise by the many honey-sucking 
birds of tliat country. Mr. Wal- 
lace romarks address to the Bio- 
logical Section, Brit. Assoc. 1876; 
that ho has “often observed the 
beaks and faces of tho brtisli- 
toiigucd lories of tho Moluccas 
covered with pollen.” In New 
Zeahiml, many specimens of the 
Aittkornu milaiiura had their 
hc-a<ls colouroii with pollen from 
the flowers of an endemic species 
of Fuchsia; (I’otts, ‘Transact. 
New Zealand Institute,’ vol. iii. 
1870, p. 72.) 
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of seeds by any means, and the second, cross ferti- 
lisation. 

The advantages derived from cross-fertilisation throw 
a flood of light on most of the chief characters of flowers. 
We can thus understand their large size and bright 
colours, and in some cases the bright tints of the ad- 
joining parts, such as the peduncles, bractese, &c. By 
this means they are rendered conspicuous to insects, 
on the same principle that almost every fruit which is 
devoured by birds presents a strong contrast in colour 
with the green foliage, in order that it may be seen, 
and its seeds freely disseminated. With some flowers 
conspicuousness is gained at the expense even of the 
reproductive organs, as with the ray-florets of many 
CompositsD, the exterior flowers of Hydrangea, and the 
terminal flowers of the Feather-hyacinth or Muscari. 
There is also reason to believe, and this was the opinion 
of Sprengel, that flowers differ in colour in accordance 
with the kinds of insects which frequent them. 

Not only do the bright colours of flowers ser\-e to 
attract insects, but dark-coloured streaks and marks 
are often present, which Sprengel long ago maintained 
served as guides to the nectary. These marks follow 
the veins in the petals, or lie between them. They 
may occur on only one, or on all excepting one or 
more of the upper or lower petals ; or they may form 
a dark ring round the tubular part of the corolla, or 
be confineil to the lips of an irregular flower. In the 
white varieties of many flowers, such as of Digitalis 
purpurea, Antirrhinum majus, several species of Dian- 
thus. Phlox, Jlyosotis, Ilhodotlendron, Pelargonium, 
I’rimula and Petunia, the marks generally persist, 
wkilst the rest of the corolla has become of a pure 
white ; but this may bo due merely to their colour 
being more intense and thus less readily obliterated. 
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Sprengel’s notion of the use of these marks as guides 
appeared to me for a long time fanciful ; for insects, 
without such aid, readily diseover and bite holes 
througli the nectary from the outside. They also 
discover the minute nectar-secreting glands on the 
stipules and leaves of certain plants. Moreover, some 
few plants, such as certain poppies, which are not 
nectariferous, have guiding marks; but we might 
perhaps expect that some few plants would retain 
traces of a former nectariferous condition. On the other 
hand, these marks are much more common on asymme- 
trical flowers, the entrance into which would be apt to 
puzzle insects, than on regular flowers. Sir J. Lubbock 
has also proVed that bees readily distinguish colours, 
and that they lose much time if the position of honey 
which they have once visited be in the least changed.* 
The following case affords, I think, the best evidence 
that these marks have really been developed in corre- 
lation with the nectary. The two upper petals of the 
common Pelargonium are thus marked near their bases; 
and I have repeatedly observed that when the flowers 
vary so as to become peloric or regular, they lose their 
nectaries and at the same time the dark marks. 
When the nectary is only partially aborted, only one 
of the upper petals loses its mark. Therefore the nec- 
tary and these marks clearly stand in some sort of close 
relation to one another ; and the simplest view is that 
they were developed together for a special purpose: 
the only conceivable one being that the marks serve as 
a guide to the nectary. It is, however, evident from 
what has been already said, that insects could discover 
the nectar without the aid of guiding marks. They 
are of service to tlie jdant, only by aiding insects to 



• ‘ British Wild Flowers in relation to Insects,’ 1875, p. 4-1. 
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visit and suck a greater number of flowers within a 
given time than would otherwise be possible ; and thus 
there will be a better chauce of fertilisation by pollen 
brought from a distinct plant, and this we know is of 
paramount importance. 

The odours emitted by flowers attract insects, as I 
have observed in the case of plants covered by a muslin 
net. Nageli affixed artificial flowers to branches, 
scenting some with essential oils and leaving others 
unscented ; and insects were attracted to the former in 
an unmistakable manner.* Not a few flowers are both 
conspicuous and odoriferous. Of all colours, white is 
the prevailing one; and of white flowers a considerably 
larger proportion smell sweetly than of any other 
colour, namely, 14 "6 per cent.; of red, only 8‘2 per 
cent, are odoriferous.f The fact of a larger proportion 
of white flowers smelling sweetly may depend in part 
oil those which are fertilised by moths requiring the 
double aid of conspicuousness in the dusk and of 
odour. So great is the economy of nature, that most 
flowers which are fertilised by crepuscular or nocturnal 
insects emit their odour chiefly or exclusively in the 
evening. Some flowers, however, which are highly 
odoriferous dejxmd solely on this quality for their fer- 
tilisation, such as the night-flowering stock (Hesperis) 
and some species of Daphne ; and these present the 
rare case of flowers which are fertilised by insects being 
obscurely coloured. 

The storage of a supply of nectar in a protected place 
is manifestly connected with the visits of insects. So 
is the position which the stamens and pistils occupy, 

• ‘ Enstchunp, &o., der Nntur- and by Scliliblcr and Kiihli-r. 
bint. Art.’ 18G5, p. 23. I have not seen their original 

t The colours and odours of works, but a very full abstract 
the flowers of t200 siweics have is given in Ixrudon's ‘Oardcuer's 
been tabulated by Landgrabe, Mag.’ vol. xiii. 1837, p. 367. 
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either pcrmanoutly or at the proper period through 
their own movements ; for when mature they invariably 
stand in the pathway leading to the nectary. The 
shaj>e of the nectary aiul of the adjoining parts are 
likewise related to the particular kinds of insects which 
habitually visit the flowers ; this has been well shown 
by H. 31iiller by his comparison of lowland species 
which are chiefly visited by bees, with alpine species 
belonging to the same genera which are visited by 
butterflies.* Flowers may also be adapted to certain 
kinds of insects, by secreting nectar jjarticularly attrac- 
tive to tliem, and unattractive to other kinds ; of which 
fact Epipactis lati/olia offers the most striking instam'c 
known to me, as it is visited exclusively by wasps. 
Structures also exist, such as the hairs within the 
corolla of the foxglove (Digitalis), which apparently 
serve to exclude insects that are not well fitted to bring 
pollen from one flower to another.f I need say nothing 
here of the endless contrivances, such as the viscid 
glands attached to the pollen-masses of the Orchideau 
and Asclepiadffi, or the viscid or roughened state of 
the pollen-grains of many plants, or the irritability of 
their stamens which move when touched by insects, &c., 
— as all these contrivances evidently favour or ensure 
cross-fertilisation. 

All ordinary flowers are so far open that insects can 
force an entrance into them, notwithstanding that 
some, like the Snapdragon (Antirrhinum), various 
Papilionaceous and Fumariaceous flowers, are in 
appearance closed. It cannot bo maintained that their 
openness is necessary for fertility, as cleistogeno flowers 
which are permanently closed yield a full complement 
of seeds. Pollen contains much nitrogen and phos- 

• ‘Nature,’ 1874, p. 110: 1875, t Belt, ‘The Naturalist in Ni- 
p. 19U ; 1876, pp. 210, 289; coragua,’ 1874, p. 182. 
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phorus— the two most precious of all the elements for 
the growth of plants — but in the case of most ojx;n 
flowers, a largo quantity of j>ollcn is consumed by 
pollen-devouring insects, and a large quantity is 
destroyed during long-continuetl rain. With many 
plants this latter evil is guarded against, as far as 
is possible, by the anthers opening only during dry 
weather,* — by the position and form of some or all of 
the petals,— by the presence of hairs, &c., and as Kerner 
has shown in his interesting essay,t by the movements 
of the petals or of the whole flower during cold and wet 
weather. In order to compensate the loss of pollen in 
so many ways, the anthers protluce a far larger amount 
than is necessary for the fertilisation of the same flower. 
I know this from my own experiments on Ipomcea, 
given in the Introduction ; and it is still more plainly 
shown by the astonishingly small quantity produced 
by cleistogene flowers, which lose none of their pollen, 
in comparison with that produced by the open flowers 
borne by the same plants ; and yet this small quantity 
suflSces for the fertilisation of all their numerous seeds. 
3Ir. Hassall took pains in estimating the number of 
l>ollen-gruins produced by a flower of the Dandelion 
(Leontodon), and found the number to be 243,600, 
and in a Pteony 3,654,000 grains.t The editor 
of the ‘ Botanical Register ’ counted the ovules in the 
flowers of Wistaria sinensis, and carefully estimated 



* Mr. Blackley observed Uiat 
the ripe anthers of rye did not 
dehisee whilst kept under a liell- 
glasa in a damp atmosphere, 
whilst other anthers exposed to 
the same temperature in the open 
air dehisced freely. He also found 
much more mlfen adhering to 
the sticky slides, which were 
attached to kites and sent high 



up in the atmosphere, during the 
first fine and dry days after wot 
weather, than at other times : 
‘ Experimental Researches on 
Hay Fever,’ 1873, p. 127. 

t ‘ Die Schutzmittel dos Pol- 
lens,’ 1873. 

t ‘Annals and Mag. of Nat. 
Hist.’ vol. viii. 1842, p. 108. 
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the number of jwllen-grains, and he found that for each 
ovule there were 7,000 grains.* With Mirabilis, three 
or four of the very large pollen-grains are sufficient to 
fertilise an ovule ; but I do not know how many grains 
a flower produces. With Hibiscus, Kolreuter found 
that sixty grains were necessary to fertilise all the ovules 
of a flower, and he calculated that 48G3 grains were 
produced by a single flower, or eighty-one times too 
many. With Geum vrbanum, however, according to 
Gartner, the pollen is only ten times too much.t As 
we thus see that the open state of all ordinary flowers, 
and the consequent loss of much pollen, necessitate the 
development of so prodigious an excess of this precious 
substance, why, it may bo asked, are flowers always left 
open ? As many plants exist throughout the vegetable 
kingdom which bear cleistogene flowers, there can 
hardly be a doubt that all open flowers might easily 
have been converted into closed ones. The graduated 
steps by which this process could have been effected 
may be seen at the present time in Lathyrus nistoUa, 
Biophytum tetmtivum, and several other plants. The 
answer to the above question obviously is, that with 
permanently closed flowers there could be no cross- 
fertilisation. 

The frequency, almost regularity, with which pollen 
is transjKudetl by insects from flower to flower, often 
from a considerable distance, well deserves attention.^ 



• QnntcJ in ■ Gard. Chron.’ 
l»46,j). 771. 

t Kolreuter, ‘ Vorlaufigo Nach- 
richt,’ 1761, p. 9. Gartner, ‘ Beit- 
rago lur Konntniaa,’ Ac. p. 346. 

t An experiment made by KGl- 
reutcr (‘ Forfactsung,’ Ac. 1763, 
p. 60) aflunlii good evidence on 
tbU bead, lltbitctu reticariiu ia 
strongly dichogamous, its pollen 
being shed before the stigmas are 



mature. Kolreuter marked 810 
flowers, and jmt pollen from 
other flowera on their stiginns 
every dsy, so that tbey were 
thoroughly fertilised : and he left 
tlie same numlier of other flowers 
to tlio agency of insects. After- 
wards he counted the seeds of 
both lots; the flowers which ho 
had fertiliserl with such s-atonisli- 
ing care produced 11,237 seeds. 
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This is best shown by the impossibility in many cases 
of raising two varieties of the same species pure, if they 
grow at all near together; but to this subject I shall 
presently return ; also by the many cases of hybrids 
which haveapjMiared spontaneously both in gardens and 
a state of nature. With resjHJct to the distance from 
which pollen is often brought, no one who has had any 
experience would expect to obtain pure cabbage-seed, 
lor instance, if a plant of another variety grew within 
two or three hundred yards. An accurate observer, 
the late Mr. Masters of -Canterbury, assured me that 
he once had his whole stock of seeds “ seriously affected 
with purple bastards,” by some plants of purple kale 
which flowered in a cottager’s garden at the distance of 
half a mile ; no other plant of this variety growing any 
nearer.* But the most striking case which has been re- 
corded is that by M. Go<lron,t who shows by the nature 
of the hybrids produced that Primula grandijlora must 
have been crossed with pollen brought by bees from 
P. officinalis, growing at the distance of above two 
kilometres, or of about one English mile and a quarter. 

All those who have long attended to hybridisation, 
insist in the strongest terms on the liability of castrated 
flowers to be fertilised by pollen brought from distant 
plants of the same species.f The following case shows 



whilst those left to the insects 
produced 10,88« ; that i-«, a le-ss 
number by only 351; and this 
aiiiall inferiority is fully accounted 
for t)y the insects not liaving 
worked during some days, when 
tlie weather was cold with con- 
tinued rain. 



• Mr. W. 0. Marehall caught 
no lc88 tbftn seven specimens of a 
moth (CucuUia uml>ratiea) with 



the proper position for fertilising 
the flowers of this species, on an 
island in Derwentwaler, at the 
distance of half a mile from anv 
place where this plant grew’: 
‘Nature,’ 1872, p. 39:i. 

t ‘Rcrue dcs 8o. Nat.’ 1875, 
p. 331. 

t See, for instance, the remarks 
by Herbert, ‘ Amaryllidaceee,' 
18.37, p. 349. Also Gartner’s 
strong expressions on this subject 
in his ‘ Uostarderzeugung.’ 1S49, 
p. 070; and 'Kenntniss der 1^ 



© The Comolete Work of Charles Darwin Online 



Chap. X. MEANS OF CKOSS-FERTILI8ATION. 379 

this ill the clearest manner; Gartner, before he had 
gained much experience, castrated and fertilised 520 
flowers on various species with jiollen of other genera 
or other species, but left them unprotected ; for, as he 
says, he thought it u laughable idea that pollen should 
be brought from flowers of the same species, none of 
which grew nearer than between 500 and (iOO yards.* 
The result was that 289 of these 520 flow^ers yielded no 
seed, or none that germinated ; the seed of 29 flowers 
5 >roduced hybrids, such as might have been expected 
from the nature of the pollen employed ; and lastly, 
the seed of the remaining 202 flowers produced per- 
fectly pure plants, so that these flowers must have 
been fertilised by pollen brought by insects from a 
distance of between 500 and 600 yards.t It is of 
course possible that some of these 202 flowers might 
have been fertilised by pollen left accidentally in 
them when they were castrated ; but to show how 
improbable this is, I may add that Gartner, during the 
next eighteen years, castrated no less than 8042 flowers 
and hybridised them in a closed room ; and the seeds 
from only seventy of these, that is considerably less 
than 1 per cent., produced pure or unhybridised 
offspring.^ 



fruclilung,’ 1844, pp. 510, 573. 
Also Locoq, ‘ De la Fccondation,’ 
Ac., 1845, p. 27. Borne statemenU 
have been publiahcd durinx late 
years of the extraordinary ten- 
deuey of hybrid plants to revert 
to their parent forms ; but us it is 
not said how the flowers were 
proteeted from insects, it may be 
8U8i)ectoi| that they were often 
fertilisod with pollen brought 
from a distunoe Irom the parent- 

• ‘ Kenntii'ss der Befruchtung,' 
pp. 539, 550, 575, 570. 



t Hensehel’s experiments 
(quoted by Gartner, ‘Kenntniss,’ 
Ac., p. 574), which are worthless 
in all other rusperts, likewise 
show bow largely flowers are in- 
tercrossed by insects lie cas- 
trated many flowers on thirty- 
seven species, belonging to twenty- 
two genera, and put on their 
stigmas cither no pollen, or [lollen 
from ilistinet genera, vet they all 
seeded, and all the seedlings raised 

X ' Kenntniss,’ &c. pp. 555, 576. 
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From tbo various facts now given, it is evident that 
most flowers are adapted in an admirable manner for 
cross-fertilisation. Nevertheless, the greater number 
likewise present stnictures which are manifestly 
adapted, though not in so striking a manner, for self- 
fertilis)ition. The chief of these is their hermaphrodite 
condition ; that is, their including within the same 
corolla both the male and female reproductive organs. 
These often stand close together and are mature at 
the same time ; so that pollen from the same flower 
cannot fail to be deposited at the proper period on the 
stigma. There are also various details of structure 
adapteil for self-fertilisation.* Such structures are 
best shown in those curious cases discovered by H. 
Muller, in which a species exists under two forms, — 
one bearing conspicuous flowers fittetl for cross-fertilisa- 
tion, and the other smaller flowers fitted for self-fer- 
tilisation, with many parts in the latter slightly 
modified for this special purpose.t 

As two objects in most respects opposed, namely, 
cross-fertilisation and self-fertilisation, have in many 
cases to be gained, we can understand the co-existence 
in so many flowers of structures which appear at first 
sight unnecessarily complex and of an opp>sed nature. 
AVe can thus understand the great contrast in structure 
between cleistogene flowers, which are adapted exclu- 
sively for self-fertilisation, and ordinary flowers on the 
same plant, which are adapted so as to allow of at least 
occasional cross-fertilisation.^ The former are always 

• H. Muller, ‘D!eBc(hicbtung,’ 

4c. p. 448. 

t ‘ Nature.’ 1873, pp. 44. 433. 

t Fritz Mailer has dUcoverod 
in the animal kingdom ( ‘ Je- 
naisehe Zeitsebr.’ B. iv. p. 451) 
a case curiously analogous to tliat 



of the plants which hear cleis- 
togi ue and perfect flowers. He 
flnds in the uc^i<l of 'I'ermiles, in 
Brazil, males and females with 
iin|>errcct wings, which do not 
leave the nests and propagate the 
species in a cleisto^ne manner 
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minute, completely closed, with their petals more or 
less rudimentary and never brightly coloured ; they 
never secrete nectar, never are odoriferous, have very 
small anthers which produce only a few grains of pollen, 
and their stigmas are but little developed. Bearing 
in mind that some flowers are cross-fertilised by the 
wind (called anemophilous by Delpino), and others 
by insects (called entomophilous), we can further 
understand, as was pointed out by me several years 
ago,* the great contrast in appearance between these 
two classes of flow ers. .^Vnemophilous flowers resemble 
in many respects cleistogene flowers, but differ widely 
in not being closed, in producing an extraordinary 
amount of jiollen which is always incoherent, and 
in the stigma often being largely developed or 
plumose. We certainly owe the beauty and odour of 
our flowers and the storage of a large supply of honey 
to the existence of insects. 

On the Belation between the Structure and Consjncuous- 
ness of Flowers, the Visits of Insects, and the Advan- 
tages of Cross-fertilisation. 

It has already been shown that there is no close 
relation between the number of seeds produced by 
flowers when crossed and self-fertilised, and the degree 
to which their offspring are affected by the two pro- 
cesses. I have also given reasons for believing that 
the inefficiency of a plant’s own pollen is in most cases 
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an incidental result, or has not been specially acquired 
for the sake of preventing self-fertilis»ition. On the 
other hand, there can hardly be a doubt that dichogamy, 
which prevails according to Hildebrand* in the greater 
number of species, — that the heterostyled condition of 
certain plants, — and that many mechanical structures 
• — have all been acquiriHl so as both to check self- 
fertilisation and to favour cross-fertilisation. The 
means for favouring cross-fertilisation must have been 
acquired before those which prevent self-fertilisation ; 
as it would manifestly be injurious to a ]>lant that 
its stigma should fail to receive its own pollen, 
unless it had already become well adapted for receiv- 
ing pollen from another individual. It should be 
ob^rved that many plants still possess a high power 
of self-fertilisation, although their flowers are excel- 
lently constructed for cross-fertilisation — for instance, 
those of many papilionaceous species. 

It may be admitted as almost certain that some 
structures, such as a narrow elongated nectary, or a 
long tubular corolla, have been developed in onler 
that certain kinds of insects alone should obtain the 
nectar. These insects would thus find a store of nectar 
preserved from the attacks of other insects ; and 
they would thus be led to visit frequently such 
flowers and to carry pollen from one to the other.f 
It might perhaps have been expected that plants 
having their flowers thus jwculiarly constructed would 
profit in a greater degree by being crossed, than 
ordinary or simple flowers; but this does not seem 
to hold good. Thus Tropasolum minxu has a long 
neetary and an irregular corolla, whilst Limnanthes 

* ‘I)io GoeliUcbter Vertbeil- on this subject by H. Miiller, 
ung,’ &c. p. S‘i. ' Die Befnicbtiing.’ Ac. p. 431. 

t See tbe interesting discussion 
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douglasii Las a regular flower and no proper nectary, 
yet the crossed seedlings of both species are to the 
self-fertilised in height as 100 to 79. Salvia cocetMa 
has an irregular corolla, with a curious ap}mratus by 
which insects depress the stamens, while the flowers 
of Ipomo!a are regular; and the crossed seedlings of 
the former are in height to the self-fertilised as 
100 to 76, whilst those of the Ipomcca are as 100 to 
77. Fagopyrum is dimorphic, and Anagallis eoUina is 
non-dimorpbie, and the crossed seedlings of both are 
in height to the self-fertilised as 100 to 69. 

With all Europtian plants, excepting the compara- 
tively rare anemophilous kinds, the possibility of 
distinct individuals intercrossing depends on the 
visits of insects; and H. Muller has proved by his 
valuable obst'rvations, that large eonspieuous flowers 
are visited much more frequently and by many more 
kinds of insects, than are small inconspicuous flowers. 
He further remarks that the flowers which are rarely 
visited must be ca|(able of self-fertilisation, otherwise 
they would quiekly become extinct. * There is, how- 
CA’er, some liability to error in forming a judgment 
on this head, from the extreme difticulty of ascertain- 
ing whether flowers which are rarely or never visiteil 
during the day (as in the above given ease of Fumaria 
eapredata) are not visiteil by small nocturnal Lepi- 
doptera, which are known to be strongly attrucUsl by 
sugar, t The two lists given in the early jrart of 
this chapter supjiort Muller’s conclusion that small 
and inconsjiicuous flowers are completely self-fertile ; 



* ‘ Befniclitunp,’ p. 420. 
• Nature,’ IS78, p. 433. 

t In anawt-r to a queatinn by 
mr, tlie editor of an entoniologiral 
journal writca — “ The Depri'a- 
tarlie, aa ia notorioua to every 



collertor of Noctnae, oome very 
freely to auyar, and no donbt 
natnrall^ viait flowers the ‘ En- 
tomologists’ Weekly Intelligencer,’ 
1800, p. 103. 
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for only eight or nine out of the 125 species in the 
two lists come under this head, and all of these were 
proved to be highly fertile when insects were excluded. 
The singularly inconspicuous flowers of the Fly 
Ophrys (0. mutdfera), as I have elsewhere shown, are 
rarely visited by insects ; and it is a strange instance of 
imperfection, in contradiction to the above rule, that 
these flowers are not self-fertile, so that a large pro- 
portion of them do not produce seeds. The converse 
of the rale that plants bearing small and inconspicnous 
flowers aro self-fertile, namely, that plants with large 
and conspicnious flowers are self-sterile, is far from true, 
as may be seen in our second list of spontaneously 
self-fertile species ; for this list includes such spi«ies as 
Ipotnoea purpurea, Adonis aediwdis, Verbaseum thapsus, 
Pisuin sativum, Lathyrus odoratus, some species of 
Papaver and of Nymphma, and others. 

The rarity of the visits of insects to small flowers, 
does not depend altogether on their inconsj)icuousness, 
but likewise on the alwcnce of some sufficient attraction ; 
for the flowers of Trifolium arvense are extremely 
small, yet are incessantly visited by hive and humble- 
bees, ns aro the small and dingy flowers of the 
asparagus. The flowers of Linaria eymhalaria are 
small and not very conspicuous, yet at the proper time 
they are freely visited by hive-bees. I may add that, 
according to Mr. Bennett,* there is another and quite 
distinct class of plants which cannot be much frequented 
by insects, as they flower either exclusively or often 
during the winter, and these seem adapted for self- 
fertilisation, as they shed their |X)llen before the flowers 
expand. 

That many flowers have been rendered conspicuous 
• • Nuture,’ 18C9, p. II. 
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for tho sake of guiding insects to them is highly 
probable or almost certain ; but it may be asked, have 
other flowers been rendered inconspicuous so that they 
may not bo frequently visite<l, or have they merely 
retained a former and primitive condition ? If a plant 
were much reduced in size, so probably would be the 
flowers through correlabnl growth, and this may jwssibly 
account for some cases ; but the size and colour of the 
corolla are both extremely variable characters, and it 
can hardly be doubted that if large and brightly- 
coloured flowers were advantageous to any species, 
these could bo acquired through natural selection 
within a imxlerate lapse of time, as indeed we see with 
must alpine plants. Papilionaceous flowers are mani- 
festly constructe<l in relation to the visits of insects, 
and it seems improbable, from the usual character of 
the group, that the progenitors of tho genera Vicia 
and Trifolium produced such minute and unattractive 
flowers as those of V. hirsuta and T. procunibens. We 
art« thus led to infer that some plants either have not 
had their flowers increased in size, or have actually 
had them reduced and purposely rendered incon- 
spicuous, so that they are now but little visited by 
insects. In either case they must also have acquired 
or retaineil a high degree of self-fertility. 

If it became from any cause advantageous to a spe- 
cies to have its capacity for self-fertilisation increased, 
there is little difficulty in believing that this could 
readily be efl'ected; for three cases of plants varying 
in such a manner as to be more fertile with their own 
pollen than they originally were, occumsl in the 
course of my few experimente, namely, with Mimulus. 
Ipomoea, and Nicotiana. Nor is there any reason to 
doubt that many kinds of plants are capable under 
favourable circumstances of proimgating themselves 
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for very many generations by self-fertilisation. This 
is the case with the varieties of Pisnm sativum and 
of Lathyrus odoratus which are cultivated in England, 
and with Ophrys apifera and some other plants in a 
state of nature. Nevertheless, most or all of those 
plants retain structures in an efficient state which 
cannot be of the least use excepting for cross- 
fertilisation. We have also seen reason to susj>ect 
that self-fertilisation is in some |)eculiar manner bene- 
licial to certain plants ; but if this be really the case, 
the benefit thus derived is far more than counter- 
halancod by a cross with a fresh stock or with a 
slightly different variety. 

Notwithstanding the several considerations just 
advanced, it seems to me highly imprt>bable that 
plants Ijearing small and inconspicuous flowers have 
been or should continue to bo subjected to stdf- 
fertilisation for a long series of generations. I think 
so, not from the evil which manifestly follows from 
self-fertilisation, in many cases even in the first gene- 
ration, as with Vida triedor, Sarothamnus, Nemo- 
phila, Cyclamen, &c. ; nor from the probability of the 
evil increasing after several generations, for on this 
latter head I have not sufficient evidence, owing to the 
manner in which my experiments were conducted. But 
if plants bearing small and inconspicuous flowers were 
not occasionally intercrossed, and did not j)rofit by the 
process, all their flowers would probably have been 
rendered cleistogene, as they would thus have largely 
benefited by having to produce only a small quantity 
of safely-protected pollen. In coming to this con- 
clusion, I have been guided by the frequency with 
which plants belonging to distinct orders have been 
rendered cleistogene. But I can hear of no instance 
of a species with all its flowers rendered permanently 
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cleistogene. licersia makes the nearest approach to 
this state ; but as alrea<ly state<l, it has been known 
to produce perfect flowers in one part of (Jermany. 
Some other plants of the cleistogene class, for instance 
Aspicarpa, have faile<l to produce perfect flowers during 
several years in a hothousi* ; but it does not follow that 
they would fail to do so in their native country, any 
more than with Vandellia, which with me produced 
only cleistogene flowers during certain years. Plants 
belonging to this class commonly lieiir lx»th kinds of 
flowers every s«‘ason, and the perfect flowers of Viola 
eanina yield fine capsules, but only when visite<l by 
bees. We have also sisju that the seedlings of Ononis 
minutissima, raised from the pt*rfect flowers fertilise<l 
with pollen from another plant, were finer than thos«‘ 
from self-fertilised flowers ; and this was likewise the 
case to a certain extent with Vandellia. As therefore 
no species which at one time bore small and incon- 
spicuous flowers has had all its flowers rendensl 
cleistogene. I must believe that plants now l)caring 
small and inconspicuous flowers profit by their still 
remaining open, so as to be occasionally intercrosseil 
by insects. It has been one of the greatest oversights 
in my work that I did not exj>erimentise on such 
flowers, owing to the difficulty of fertilising them, and 
t<» my not having seen the imi>ortance of the subj«‘ct.* 



* Some of the species of Sola- 
num would be gooil ones for such 
experiments, for tliejr sre said by 
H. Hiiller (‘ Befroebtung,’ p. 4S4) 
to be unattrsetire to insects from 
not secreting nectar, not producing 
much pollen, and not being rery 
conspicuous. Hence probably it 
is that, according to Verlot (‘ Pro- 
duction des Vorie'tes,' 1863, p. 72), 
tile Torictios of “los aubergines 
et Ics tomates" (species of Solu- 



num) do not intercross when they 
ore cultivated near togetlier ; but 
it should be remembered that 
these are not endemic species. 
On the other baiHl, the dowers of 
the common potato (& (elmwam ,. 
though they do not secrete nectar 
(Kurr, ‘ IMeatung der Nekta- 
ricn,’ 1833, p. 40„ yet cannot be 
considered us inconspicuous, and 
they ore sometimes visitetl by 
Dipteru (MUller) and, as I have 

2 C 2 
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It should be remembereil that in two of the ca.ses in 
which highly self-fertile varieties appeared amongst 
my experimental plants, namely, with ^limnlus and 
Nicotiana, such varieties were greatly benefited by a 
cross with a fresh stock or with a slightly different 
variety; and this likewise was the case with the 
cultivated varieties of Pisum mtivum and Lathyrus 
odoratus, which have been long propagated by self- 
fertilisation. Therefore until the contrary is distinctly 
proved, I must believe that as a general rule small and 
inconspicuous flowers are occasionally intercrossed by 
insects ; and that after long-continued self-fertilisation, 
if they are crossed with jKdlcn brought from a j)lant 
growing under somewhat diflerent conditions, or 
descended from one thus growing, their offspring 
would profit greatly. It cannot bo admitted, under 
our j)resent state of knowledge, that self-fertilisation 
continued during many successive generations is ever 
tlie most beneficial method of reproduction. 

The Means which favour or ensure Flowers being fer- 
tilised with Pollen from a distinct Plant . — Wo have seen 
in four cases that seedlings raised from a cross between 
flowers on the same plant, even on plants appearing 
distinct from having been proiwigated by stolons or cut- 
tings, were not su|ierior to seedlings from self-fertilised 
flowers; and in a fifth case (Digitalis) superior only 
in a slight degree. Therefore wo might exjiect that 
with plants growing in a state of nature a cross between 
the flowers on distinct individuals, and not merely 
lietw(>en the flowers on the same plant, woidd generally 

seen, by humble-bees. Tiiiz- be«r seed when fertilised with 
msnii (as quoted iu ‘tiiinlenors’ pollen from the same variety, but 
Clironiole,’ IS4U, p. 183) found were fertile with that from an- 
that some of the varieties did nut other variety. 
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or often be effected by some means. The fact of bees 
and of some Idiptera visiting the flowers of the same 
species as long as they can, instead of promiscuously 
visiting various species, favours the intercrossing of 
distinct ]>lants. On the other hand, insects usuallv 
searcli a large number of flowers on the same plant 
before they fly to another, and this is opposed to cross- 
fertilisation. The extraordinary number of flowers 
which bees are able to search within a very short space 
of time, as will be shown in a future chapter, increases 
the chance of cross-fertilisation; as docs the fact 
that they are not able to perceive without entering a 
flower whether other bees have exhausted the nectar. 
For instance, H. Jluller found* that four-fifths of the 
flowers of Lamium album which a humble-bee visited 
had been already exhausted of their nectar. In order 
that distinct plants should be intercrossed, it is of course 
indispensable that two or more individuals should grow 
near one another ; and this is generally the case. Thus 
A. de Candolle remarks that in ascending a mountain 
the individuals of the same species do not commonly 
disapijcar near its upper limit quite gradually, but 
rather abruptly. This fact can hardly be explained 
by the nature of the conditions, as these graduate away 
in an insensible manner, and it probably depends in 
large part on vigorous seedlings being produced only 
as high up the mountain as many individuals caii 
subsist together. 

With respect to dioecious plants, distinct individuals 
must always fertilise eacli other. With monoecious 
plants, as pollen has to bo carried from flower to flower, 
there will always be a good chance of its being carried 
from plant to plant. IJelpino has also observed f the 

• ‘Die Befruchtung,’ Ac. p. + ‘ Ult. Osservazioni.’ Ac., part 
311. ii. fttsc. ii. p. 337. 
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curious fact that certain individuals of the nionoBcious 
walnut (Juglans regia) are proternndrous, and others 
proterogynous, and these will reciprocally fertilise each 
other, it is with the common nut (Corylus avellana), * 
and, what is more surprising, with some few her- 
maphrodite plants, ns observed by H. Jliiller.t These 
latter plants cannot fail to act on each other like 
dimorphic or trimorphic species, in which the union 
of two individuals is neccssarj’ for full and normal 
fertility. With ordinary hermaphrodite sjiecies, the 
exjMinsion of only a few flowers at the same time is one 
of the simplest means for favouring the intercrossing of 
distinct individuals ; but this would render the plants 
less conspicuous to insects, unless the flowers were of 
large size, as in the ease of several bulbous plants. 
Kemer thinks { that it is for this object that the 
Australian VUlarsia pamamfdlia produces daily only 
a single flower. 3Ir. Cheeseman also remarks,§ that 
as certain Orchids in New Zealand which require 
insect-aid for their fertilisation bear only a single 
flower, distinct plants cannot fail to intercross. 

Dichogamy, w Inch prevails so extensively throughont 
the vegetable kingdom, much increases the chance of 
distinct individuals intercrossing. With proterandrous 
species, which are far more common than pro- 
terogynous, the young flowers are exclusively male 
in function, and the older ones exclusively female; 
and as bees habitually alight low down on the spikes 
of flowers in order to crawl upwards, they get dusted 
with }Mtllen from the upjK'imost flowers, which they 
cariy to the stigmas of the lower and older flowers 
on the next spike which they visit. The degree to 

• ‘ Nflturc,’ 1 ST.’S, p. 26. i ‘ Die S<'liul 2 mittel.’ Ac. p. 23. 

t ‘Die IkTruchtung,' 4c. pp. § “Tiwnsact. New ^Una In- 
2S5, 8SU. Blitute,’ »ol. v. 1873, p. 856. 
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which distinct plants will thus bo intercrossed depends 
on the number of spikes in full flower at the same time 
on the same plant. With proterop3rnous flowers and 
with depending racemes, the manner in which insects 
visit the flowers ought to be reversed in order that 
distinct plants should bo intercrossed. But this whole 
subject requires further investigation, as the great 
importance of crosses between distinct individuals, 
instead of merely between distinct flowers, has hitherto 
been hardly recognised. 

In some few cases the special movements of certain 
organs almost ensure pollen being carried from plant 
to plant. Thus with many orchids, the pollen-masses 
after becoming attached to the head or proboscis of an 
insect do not move into the proper position for striking 
the stigma, until ample time has elapsed for the insect 
to fly to another plant. With Spiranthes autumnalis, 
the pfjlleii-masses cannot be applied to the stigma until 
the labcllum and rostellum have moved apart, and 
this movement is very slow.* With Posoqueria fra- 
grans (one of the Rnbiacero) the same end is gained by 
the movement of a specially constructed stamen, as 
describeil by Fritz Muller. 

We now come to a far more general and therefore 
more imjKtrtant means by which the mutual fertilisation 
of distinct plants is effected, namely, the fertilising 
I>ower of ix)llen from another variety or individual 
being greater than that of a plant’s own pollen. The 
simplest and l)ost known case of preix)tent action 
in pollen, though it does not boar directly on our 
present subject, is that of a plant’s own iK)llen over that 
from a distinct species. If j)ollen from a distinct species 
be placed on the stigma of a castrated flower, and then 

• ‘The Viirioiu Contrivances Orchids are fertilised,’ 1st, edit 
by wliich llrilisli and Foreign p. 128. 
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after the interval of several hours, pollen from the same 
species be placed on the stigma, the effects of the 
former are wholly obliteratetl, excepting in some rare 
cases. If two varieties are treated in the same manner, 
the result is analogous, though of directly opposite 
nature ; for ix)llen from any other variety is often or 
generally prepotent over that from the same flower. I 
will give some instances : the pollen of Miimilvs luteus 
regularly fulls on the stigma of its own flower, for the 
plant is highly fertile when insects are excluded. Now- 
several flowers on a remarkably constant whitish variety 
were fertilised without being castnvtetl with pollen from 
a yellowish variety ; and of the twenty-eight seedlings 
thus raised, every one bore yellowish flowers, so that 
the pollen of the yellow variety completely overwhelmed 
that of the mother-plant. Again, Iheris uinbellata is 
siK)ntaneously self-fertile, and I saw an abundance of 
pollen from their own flowers on the stigmas ; neverthe- 
less, of thirty seedlings raised from non-castrated flowers 
of a crimson variety crossed with pollen from a pink 
variety, twenty-four bore pink flowers, like those of the 
male or pollen-bearing parent. 

In these two cases flowers were fertilised with pollen 
from a distinct variety, and this was sho^vn to be 
prepotent by the character of the oflspring. Nearly 
similar results often follow when two or more self-fertile 
varieties are allowed to grow near one another and are 
visited by insects. The common cabbage produces a 
large number of flowers on the same stalk, and when 
insects are excluded these set many capsuk's, moderately 
rich in seeds. I planteil a white Kohl-rabi, a j)urple 
Kohl-rabi, a Portsmouth broccoli, a Brussels sprout, 
and a Sugar-loaf cabbage near together and left them 
uncovered. Seeds collected from each kind were sown 
in separate beds ; and the majority of the seedlings in 
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all five beds were mongrelised in the most complicated 
manner, some taking more after one variety, and some 
after another. The effects of the Kohl-rabi were 
particularly plain in the enlarged stems of many of the 
seedlings. Altogether 233 plants wore raised, of which 
155 were mongrelised in the plainest manner, and of 
the remaining 78 not half were absolutely pure. I 
repeated the experimeut by planting near together 
two varieties of cabbage with purple-green and white- 
green lacinated leaves; and of the 325 seedlings 
raised from the purple-green variety, 1G5 had white- 
green and 160 purple-green leaves. Of the 466 seed- 
lings raised from the white-green variety, 220 had 
purple-green and 246 white-green leaves. These cases 
show how largely irollen from a neighbouring variety 
of the cabbage eflaces the action of the plant’s own 
pollen. AVe should bear in mind that pollen must be 
carried by the bees from flower to flower on the same 
large branching stem much more abundantly than 
from plant to plant ; and in the case of plants the 
flowers of which are in some degree dichogamous, 
those on the same stem would be of different ages, and 
would thus be as ready for mutual fertilisation as the 
flowers on distinct plants, were it not for the prepotency 
of pollen from another variety.* 

Several varieties of the radish (Itaphanus sativm), 
which is moderately self-fertile when insects are ex- 
cluded, were in flower at the same time in my garden. 
Seed was eollected from one of them, and out of twenty- 
two seedlings thus raised only twelve were true to their 
kiud.t 

the seeds of tlie former. Thu 
result was that reerccly one se«l- 
ling was true to its kind, and 
several closely resembled rape, 
t Duhamel, as quoted by God- 



• A writer in the ‘ Gardeners’ 
Chronicle’ {185.'>, p. 730) says 
that he planted a lied of turnips 
' Jlramca rapa . and of raim 
naptu) close together, and sowed 
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The onion produces a large number of flowers, all 
crowded together into a large globular head, each 
flower having six stameus ; so that the stigmas receive 
l)lenty of pollen from their own and the adjoining 
anthers. Consequently the plant is fairly self-fertile 
when protected from insects, A blood-red, silver, 
globe and Spanish onion were planted near together ; 
and seedlings were raised from each kind in four 
separate beds. In all the be<ls mongrels of various 
kinds were numerous, except amongst the ten seedlings 
from the blood-red onion, which included only two. 
Altogether forty-six seedlings were raised, of which 
thirty-one had been plainly crossed. 

A similar result is known to follow with the varieties 
of many other plants, if allowed to flower near together : 
I refer here only to species which are capable of 
fertilising themselves, for if this be not the case, they 
would of course be liable to be crossed by any other 
variety growing near. Horticulturists do not commonly 
distinguish between the effects of variability and inter- 
crossing ; but I have collected evidence on the natural 
crossing of varieties of the tulip, hyacinth, anemone, 
ranunculus, straw berry, LeptosipJwn androsaceus, orange, 
rhododendron and rhubarb, all of which plants I believe 
to be self-fertile.* Jluch other indirect evidence could 



ron, ‘ De I’Enpicc,’ tom. ii. p. 50, 
makes an nnalogous statement 
wiib respect to this plant. 

• With respect to tuli(is and 
some other flowers, sec Godron, 
•Do I’hApece,’ tom. i. p. 252. For 
anemones, ‘ GarcL Chron.’ 1850, 
p. 98. For strawberries, see Her- 
bert in ‘Transact, of Hort. 8oc.’ 
Tol. iv. p. 17. The same observer 
elsewhere sp<-aks of the sponta- 
neous crossing of rliododendroiis. 
Gallcsio makes tho same state- 
ment witli resjieet to oranges. I 



have myself known extensive 
crossing to oeeur with tlie common 
rhulnrl). Forleptosiphon, Verlot, 
‘De8Varictefs,’18ti5,i>. 20. I have 
not included in my list the Car- 
natinii, Nemophila, or Antir- 
rhinum, tho varieties of whicii are 
known to ernes freely, because 
these plants are nut always self- 
fertile. I know nothing about 
tho self-fertility of Trolliiis (I,<- 
coq, ‘Do la F«x>ndntion,’ 18G2. 
p. 93}, Mahonia, and Crinnm, in 
which genera the species intererosa 
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be given with resi)ect to the extent to which varieties 
of the same species sjxmtaneously intercross. 

Gardeners who raise seed for sale are compelled by 
dearly bought experience to take extraordinary pre- 
cautions against intercrossing. Thus Messrs. .Sharp 
“ have land engaged in the growth of seed in no less 
than eight parishes.” The mere fact of a vast number 
of plants belonging to the same variety growing 
together is a considerable protection, as the chances 
are strong in favour of plants of the same variety inter- 
crossing ; and it is in chief part owing to this circum- 
stance, that certain villages have become famous for 
pure seed of particular varieties.* Only two trials 
were made by me to ascertain after how long an interval 
of time, pollen from a distinct variety would obliterate 
more or less completely the action of a plant’s own 
pollen. The stigmas in two lately expanded flowers on 
a variety of cabbage, called Ragged Jack, were well 
covered with pollen from the same plant. After an 
interval of twenty-three hours, pollen from the Early 
Barnes Cabbage growing at a distance was placed on 
both stigmas; and as the plant was left uncovered, 
pollen from other flowers on the Ragged Jack would 
certainly have been left by the bees during the next 
two or three days on the same two stigmas. Under 
these circumshinces it seemed very unlikely that the 
pollen of the Barnes cabbage would produce any effect ; 
but three out of the fifteen plants raised from the two 
capsules thus produced were plainly mongrelised : and 
1 have no doubt that the twelve other plants were 



largely. With respect to tlHlionio, 
it is I«)«r scarcely possible to pro- 
cure in this country pure speci- 
mens of 31. aqui/oUam or repent ; 
anil the vorious siiecies of Criniirn 
sent by Herbert (■AniaryUiduccar.’ 
p. 32) to Calcutta, crosseil tlicre 



so freely that pure seoil could not 
be saved. 

• With respect to Messrs. Sharp, 
see ‘ Gardeners’ Chronicle.’ 1856, 
p. 823. Lindley’s ‘ Theory of Hor- 
ticulture.’ p. 319. 
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affected, for they grew much more vigorously than the 
self-fertilised seedlings from the Ragged Jack jdanted 
at the same time and under the same conditions. 
Secondly, I placed on several stigmas of a long-styled 
cowslip {Primula veris) plenty of j)ollen from the sjiine 
plant, and after twenty-four hours added some from a 
short-styled dark-red rolyanthus, which is a variety of 
the cowslip. From the flowers thus treated thirty 
seedlings were raised, and all these without exception 
bore reddish flowers ; so that the effect of the plant’s 
own pollen, though placed on the stigmas twenty- 
four hours previously, was quite destroyeil by that of 
the red variety. It should, however, be observed that 
these plants are dimorphic, and that the second union 
was a legitimate one, whilst the first was illegitimate ; 
but flowers illegitimately fertilised with their own pollen 
yield a moderately fair supply of seeds. 

We have hitherto considered only the j)rci)otent 
fertilising jwwer of pollen from a distinct variety over 
a jdant’s own iwllen, — both kinds of pollen being 
plaeetl on the same stigma. It is a much more re- 
markable fact that jwllen from another individual of 
the same variety is pr<?potent over a plant’s own |>ollen, 
as shown by the superiority of the seedlings raised 
from a cross of this kind over seedlings from self- 
fertilised flowers, 'rims in 'rubles A, B, and C, there 
are at least fifteen species which are self-fertile when 
insects are excluded ; and this implies that their stigmas 
must receive their own pollen ; nevertheless, most of 
the seedlings which were raised by fertilising the non- 
castrated flowers of those fifteen species with ^wllen 
from another plant were greatly sujierior, in height, 
weight, and fertility, to the self-fertilised offspring.* 

* These fiftpen species consist of end lutra, Limnanthet dongjarii, 
Broisica oUracea^ Beittda odorata Pajmetr vagum, VUcaria oculaUtf 
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For instance, with I}>omcea jmrpurea every single inter- 
crossed jilant exceeflcd in height its self-fertilised 
o])]X)ncnt until the sixth generation ; and so it was 
with Mimulm liiteus until the fourth generation. Out 
of six pairs of crossed and self-fertilised cabbages, every 
one of the former was much heavier than the latter. 
With PaiMver vagum, out of fifteen pairs, all but 
two of the crossed plants were taller than their self- 
fertilised op|)onents. Of eight jMiirs of Lujnnus liUeus, 
all but two of the crossed were taller ; of eight pairs 
of Bela vulgaris all but one ; and of fifteen pairs of Zea 
mays all but two were taller. Of fifteen pairs of Lim- 
nanthes douglasii, and of seven pairs of Laetuca saliva, 
every single crossed plant was taller than its self-fer- 
tilised opponent It should also be observer! that in 
these experiments no particular care was taken to cross- 
fertiliso the flowers immediately after their expansion ; 
it is therefore almost certain that in many of these 
cases some pollen from the same flower will have 
already fallen t)ii and acted on the stigma. 

There can hardly be a doubt that several other 
species of which the crossed seedlings are more 
vigorous than the self-fertilised, as shown in Tables A, 
B, and C, besides the above fifteen, must have received 
their own jwllen and that from another plant at nearly 
the same time ; and if so, the same nmiarks as those 
just given are applicable to them. Scarcely any result 
from my experiments hixs surprised me so much as this 
of the })repotcncy of pollen from a distinct individual 
over each plant’s own pollen, as proved by the greater 
constitutional vigour of the crossed seedlings. The 
evidence of prejHJtency is here deduced from the 

Beta vuhjaria, Lujtimu Ivtew, YaitdrUia nummulari/otia, Lae- 
Ipomau purpurea, JUimnlut luleut, tuea talira, and Zea mayt. 
Valeeolaria, Veriiaeeum Uiupnut, 
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uompanitivo growth of the two lots of seedlings ; but 
we have similar evidence in many cases from the 
much greater fertility of the uon-castrated flowers on 
the mother-plant, when these received at the same time 
their own pollen and that from a distinct plant, in 
comparison with the flowers which received only their 
own pollen. 

From the various facts now given on the spontaneous 
intercrossing of varieties growing near together, and on 
the efiects of cross-fertilising flowers which are self- 
fertile and have not been castrated, we may conclude 
that pollen brought by insects or by the wind from 
a distinct plant will generally prevent the action of 
pollen from the same flower, even though it may have 
been applied some time before; and thus the inter- 
crossing of plants in a state of nature will be greatly 
favoured or ensured. 

The case of a great tree covered with innumerable 
hermaphrodite flowers seems at first sight strongly 
opposed to the belief in the frequency of intercrosses 
between distinct individuals. The flowers which grow 
on the opposite sides of such a tree will have been 
exposed to somewhat difierent conditions, and a cross 
between them may perhaps be in some degree beneficial; 
but it is not probable that it would be nearly so bene- 
ficial as a cross between flowers on distinct trees, as we 
may infer from the inefficiency of pollen taken from 
plants which have been propagated from the same 
stock, though growing on separate roots. The number 
of bees which frequent certain kinds of trees when in 
full flower is very great, and they may be seen flying 
from tree to tree more frequently than might have 
been expected. Nevertheless, if we consider how- 
numerous are the flowers, for instance, on a horse- 
chestnut or lime-tree, an incomparably larger number 
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of flowers mnst l>e fertilised by jKjllen brought from 
other fljowers on the same tree, than from flowers on a 
(listinct tree. But we should bear in mind that with 
the horse-chestnut, for instance, only one or two of the 
several flowers on the sjime peduncle produce a seed ; 
and that this seed is the product of only one out of 
several ovules within the same ovarium. Now we know 
from the exj>eriments of Herbert and others* that if one. 
flower is fertilised with pollen which is more efficient 
than that applied to the other flowers on the same 
pe<luncle, the latter often drop off ; and it is prol>able 
that this would occur with many of the self-fertilised 
flowers on a large tree, if other and adjoining flowers 
were cross-fertilised. Of the flowers annually produced 
by a great tree, it is almost certain that a large 
number would be self-fertilise<l ; and if we assume 
that the tree produced only 500 flowers, and that this 
number of seeds were requisite to keep up the stock, 
so that at least one seedling should hereafter struggle 
to maturity, then a large proportion of the seedlings 
would necessarily be derived from self-fertilised seeds. 
But if the tree annually produced 50,000 flowers, of 
which the self-fertilised dropped off without yielding 
seeds, then the cross-fertilised flowers might yiebl 
seeds in sufiicient number to keep up the stock, and 
most of the seedlings would be vigorous from being 
the product of a cross between distinct individuals. 
In this manner the production of a vast number of 
flowers, besides serving to entice numerous insects and 
to compensate for the accidental destruction of many 
flowers by spring-frosts or otherwise, woubl be a very 
great advantage to the species ; and when we behold 
our orchard-trees covered with a white sheet of bloom 

• ‘ Vuriation nnder Domestication,’ cii. xvii. 2nd edit. toI. U. p. 12(1. 
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in the spring, we should not falscdy accuse nature of 
wasteful expenditure, though conijwratively little fruit 
is produced in the autumn. 

Aiiemophilous Plants . — The nature and relations of 
plants which are fertilised by the wind have been 
admirably discussed by Delpino* and H. Jliiller ; and 
I have already made some remarks on the structure of 
their flowers in contrast with those of entomojihilous 
species. There is good reason to believe that the first 
plants which apiK'ared on this earth were cryptogamie ; 
and judging from what now occurs, the male fertilising 
element must either have jwssessed the jwwer of spon- 
taneous movement through the water or over damp 
surfaces, or have been carried by currents of water to 
the female organs. That some of the most ancient 
plants, such as ferns, possessed true sexual organs there 
can hardly be a doubt ; and this shows, as Hildebrand 
remarks,t at how early a period the sexes were separated. 
As soon as plants became phanerogamic and grew on 
the dry ground, if they were ever to intercross, it would 
be indispensable that the male fertilising element 
should bo transported by some means through the 
air ; and the wind is the simplest means of transport. 
There must also have been a period when winged 
insects did not exist, and plants would notthen have bwn 
rendered entomophilous. Even at a somewhat later 
period the more S{>cciuli8ed orders of the Hymenoptcra, 



• Delpino, ‘Ult. Omcrvnzioni 
Aullft Dicogumia,’ part it fasc. L 
1870 ; and ‘ Stiidi snpra iin Lig- 
naggio ancmuftlo,’ &c. 1871. H. 
Muller, ‘ Hie Uerrurlitung,’ Ac, 
pp. 412, 442. Doth theae authors 
remark that plania must have 
been Biiemopliiloiu before they 
were entomophilous. II. Muller 



further discusses in a very in- 
teresting manner the steps by 
which entomophileus flowers be- 
came nectariferous and gradually 
acquired their present structure 
through Bucocssivo bencflcial 
changes. 

t ‘ Die Geschlechter-Verthcil- 
ung,’ 1807, pp. 84-yO. 
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Lepidoptera, and Diptcra, which are now chiefly con- 
ceme<l with the transport of pollen, did not exist. 
Theiffore the earliest terrestrial plants known to ns, 
namely, the Conifene and Cycadi®, no doubt wore ane- 
mophilous, like the existing species of these same 
groups. A vestige of this early state of things is 
likewise shown by some other groups of plants which 
are anemophilous, as these on the whole stand lower 
in the scale than entomophilons species. 

There is no gn-at difficulty in understanding how an 
anemophilous plant might have been rendered entomo- 
philous. Pollen is a nutritious substance, and would 
soon have been discovered and devoured by insects; 
and if any adbereil tti their bodies it would have been 
carrie<l from the anthers to the stigma of the same 
flower, or from one flower to another. One of the chief 
characteristics of the pollen of anemophilous plants 
is its incoherence ; but pollen in this state can adhere 
to the hairy bodies of insects, as we see with some 
Legnminos®, Ericace®, and Melastomace®. We have, 
however, better evidence of the possibility of a tran- 
sition of the above kind in certain plants being now 
fertilised partly by the wind and partly by insects. 
The common rhubarb {Bheum rhapontieum) is so far 
in an intermediate condition, that 1 have seen many 
Diptera sucking the flowers, with much pollen adhering 
to their bodies; and yet the pollen is so incoherent, 
that clouds of it are emitted if the j>lant be gently 
shaken on a sunny day, some of which could hardly 
fail to fall on the large stigmas of the neighbouring 
flowers. According to Delpino and II. Muller,* some 
species of Plantago are in a similar intermediate 
condition. 



‘ Die BotruchtuDg,’ &o. p. 342. 
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Although it is probable that pollen was alniriginally 
the sole attnvction to insects, and altbou«rh many 
plants now exist whose flowers are frequented exclu- 
sively by pt)llen-devourin<r insects, yet the prreat 
majority secrete nectar as the chief attraction. Many 
years aj^o I siiggestefl that primarily the siiccharine 
matter in nectar was excreted* as a waste product of 
chemical changes in the sap ; and that when the ex- 
cretion happened to occur within the envelopes of a 
flower, it was utilised for the important object of 
cross-fertilisation, being subsequently much increased 
in quantity and stored in various ways. This view 
is rendered probable by the leaves of some trees ex- 
creting, under certain climatic conditions, without the 
aid of special glands, a saccharine fluid, often called 
honey-dew. This is the case with the leaves of the 
lime; for although some authors have disputed the 
fact, a most capable judge. Dr. Maxwell Masters, 
informs me that, after having heard the discussions on 
this subject before the Horticultural Society, he feels 
no doubt on this head. The leaves, as well as the 
cut stems, of the manna ash {Fraxinvs omm) secrete 
in a like manner saccharine matter.f According to 
Treviranus, so do the upper surfaces of the leaves of 
Carduua arctioidea during hot weather. 3Iany ana- 
logous facts could be given.J There are, however, 
a considerable number of plants which bear small 
glands § on their leaves, petioles, phyllodia, stipules. 



* Nectar was rp|;arde<l by 
De Ciindolle and Dunal as an 
excretion, as stntcrl by Martinet 
in • Annal dcs Sc. Nat.’ 1872, tom. 
xiv. p. 211. 

t ‘Gatd. Chron.’ 1870, p. 242. 
i Kurr, ‘ UntersuchiinKen iiber 
die Bedeutung der Nektarien.’ 
iaS3, p. 115. 



§ A large number of cases are 
given by Delpino in the ‘Bul- 
letino Entomologico,’ Anno vi. 
1874. To these may be added 
those given in my text, as well 
ns tlie excretion of saccharine 
matter from the calyx of two 
sjwcies of Iris, and from the brac- 
tere of certain rrchidee: see Kurr, 
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brupt<*n*, or flower peiluneles, or on the outside of their 
calyx, and these glands secrete minute drojts of a sweet 
fluid, which is eagerly sought by sugar-loving insects 
such as ants, hive-bees, and wasps. In the case of 
the glands on the stipules of Vicia saliva, the excre- 
tion nuiuifestly dejiends on changes in the sap, con- 
8c<|uent on the sun shining brightly ; for I repatedly 
ol>serve<l that as soon as the sun was hidden behind 
clouds the s<'cr»»tion cease<l, and the hive-bees left the 
field ; but as soon as the sun broke out again, they 
returned to their feast.* I have observ«^l an analogous 
fact with the secretion of true nectar in the flowers of 
Lohvlia erinus. 

Delpino, however, maintains that the jx)wer of 
secreting a sweet fluid by any extra-floml organ has 
been in every case sj)ecially gained, for the sake of 
attracting ants and wiusps ns defenders of the plant 



‘Bedfutung der Nt ktiirieii,’ 1833, 
pp. 25, 28. Belt elao refers (* Ni- 
osrsgiu,’ p. 224) tn « siniilur 
pxi-retion by many epiphytal or- 
ehids and paasinn-floweni. Jlr. 
Rnigeni hni seen niurh nociar 
•ecrotol from the l»«es of the 
flower-iiwiiiiicle* of Vanilla. Link 
mj» that the only example of a 
hTpopetaloua nectary known to 
him ia exWrnally at the ba-e of 
the flower* of ('Urmia dmutala: 
ree • Re|iort* on Botany, Kay So- 
ciety,’ 184C>, p. 355. An impor- 
tant memoir tiearing on tbia sub- 
joet Ima lately ap|)Corod by Keinke 
(‘Gottingen Nacliriohten,’ 1873, 
p. 825), who show* that in many 
pluuta the tip* of the nerralioiu 
on the lesrca in the bod boar 
gland* which accrete only at a 
Tory early age, and which have 
the same mor|iholngiciil »tmctnpe 
a* true nectar-secreting gland*. 
Hu further ahowa that tiie n'CtII1^ 
uccreting glnuda on the petiole* 



of Prumiu aiiam are not dere- 
loped at a very early age. yet 
wither away on the old laivea. 
They are homolognu* with those 
on the serrations of tlie bhule* of 
the same leaves, a* shown by 
their structure and by transitinn- 
foruis; fur the lowest serrations 
on the blades of mo-t of the leaves 
secrete nectar instead of resin 



(ban . 

• I publisheil a brief notice of 
this ease in the ‘ Gard. Chronicle.' 
1855, July 21, p. 487. and ailer- 
wanls nuwle further observationa. 
Beside* the liivi-bro, another 
species of la.«, a moth, ants, and 
two kinds of flies sucked the 
drop* of fluid on the stipule*. 
The larger drops tasted sweet 
The hive-bees never even looked 
at the flowers which were open 
at the same time; whilst two 
apecie* of humble-lax* neglecbal 
the stipules and visited only the 
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against their enemies; but I have never seen any 
reason to believe that this is so with the three species 
observed by me, namely, Prunus laurocerasus, Vicia 
saliva, and V. faha. No plant is so little attocked by 
enemies of any kind as the common bracken-fern 
{Pteris aquilina) ; and yet, as my son Francis has 
discovered, the large glands at the bases of the fronds, 
but only whilst young, excrete much sweetish fluid, 
which is eagerly sought by innumerable ants, chiefly 
belonging to Jlyrmica; and these ants certainly do 
not serve as a protection against any enemy. Delpino 
argues that such glands ought not to be considered as 
excretory, because if they were so, they would be 
present in every sj)ecies ; but I cannot see much force 
in this argument, as the leaves of st)me plants excrete; 
sugar only during certain states of the weather. That 
in some cases the secretion serves to attract insects ns 
defenders of the plant, and may have been developed 
to a high degree for this special purpose, I have not 
the least doubt, from the obsc*rvations of Delpino, 
and more especially from those of Mr. Belt on Aeaeia 
sphmrocephala, and on passion-flowers. This acacia 
likewise produces, as an additional attraction to ants, 
small bodies containing much oil and protojdasm, and 
analogous bodies are developtnl by a Cecropia for the 
same purpose, as described by Fritz Miiller.* 

The excretion of a sweet fluid by glands seated 
outside of a flower is rarely utilised us a mejins for 
cross-fertilisation by the aid of insects ; but this occurs 
with the bractem of the Murcgraviaceie. as the late 



* Mr. Bolt baa given a moat 
intert’eting account f Tbo Natu- 
raliat in Nicaragua,’ 1874, p. 218) 
of the paramount imiwrtaiice of 
lints ns defi'iidcra of the above 
Acacia. With respect to the Ce- 



rropia, see ‘ Nature,’ 187G, p. 304. 
My son Francis has describoil the 
microscopical structure and deve- 
lopment of these wonderful food- 
bodies in a paper read before the 
Linnean Society. 
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Dr. Cruder informed me from actual olwervation in tlie 
West Indies, and os Delpino infers with much acuteness 
from the relative position of the several parts of their 
flowers.* 3Ir. Farrer has alst> shotvn f that the flowers 
of Coronilla are curiously modifliHl, so that bees may 
fertilise them whilst sucking the fluid secretetl from 
the outside of the calyx. It further a])pears probable 
from the observations of Rev. W. A. Ijcighton, that the 
fluid so abundantly secreted by glands on the phyllotlia 
of the Australian Acacia magnijica, which stand near 
the flowers, is connected with their fertilisation.} 

The amount of pollen produced by anemophilous 
plants, and the distance to which it is often trans- 
ported by the wind, ore both surprisingly great. 3Ir. 
Hossall found that the weight of pollen pro<luce<l by a 
single plant of the bulrush (Typha) was 144 grains. 
Bucketfuls of pollen, chiefly of Conifene and Gra- 
minesD, have been swept off the decks of vessels near 
the North Americau shore; and 3Ir. Riley has seen 
the ground near St. Louis, in 3Iissouri, covered with 
{K>llen, as if sprinklcfl with sulphur ; and there was 
good reason to believe that this had been trans{)orted 
from the pine-forests at least 400 miles to the south. 
Kerner has seen the snow-fields on the higher Alps 



• ‘Ult. Oaaenraz. Diooganiia,’ 
p. IMS. 

t ‘ Nstur.-,’ 1S74, p. 1(». 
t ‘AnnaU and Mag. of Nat. 
Hial.' vol. xvi. 18li5, p. 14. In 
my work on tlio ‘ Fertilimtion of 
Orcbida,’ and in a |iai>vr aubao- 
quently publUkod in the ‘ Annaia 
nmi Mag. of Nat. UUtory,' it baa 
been ahown that nltlmugb pertain 
kinila of orcliida poaae-a a nectary, 
no neelar ia artiially aivieteii by 
it ; but tliat iuaeota penetrate the 
inner walla and auek the fluid 
contained in the intercellulur 



apocea. I further augjmated, in 
tne Pane of aome other orcliida 
which do not au rcte nectar, that 
inaecta gnawed the labelluin ; and 
thia auggeation baa aiiico been 
proved true. II. Miiller and Del- 
pino have now aliiiwn tiiat aome 
other p'anta have thickened pe- 
tala ubich are aiicked or gnawed 
by inaeeta. their fertiliaalion U ing 
thua aided. All the kwiwn facta 
on thia head have been colleeti'd 
by Del|iino in hia ‘I'it. Oaaerv.’ 
jwrt ii. fuae. in 1875, pp. 59-03. 
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similarly dusted ; and 5[r. Blackley found numerous 
jMdleu-j'mins, in one instance 1200, adhering to 
sticky slides, which were sent up to a height of from 
500 to 1000 feet by means of a kite, and then un- 
covered by a s[K!cial mechanism. It is remarkable 
that in those experiments there were on an average 
nineteen times as many pollen-grains in the atmosphere 
at the higher than at the lower levels.* Considering 
these facts, it is not so surprising as it at first appears 
that all, or nearly all, the stigmas of anemophilous 
plants should receive jiollen brought to them by mere 
chance by the wind. During the early part of summer 
every object is thus <lusted with |H>llen ; for instance, 
I examined for another purpose the labella of a large 
number of flowers of the Fly Ophrys (which is rarely 
visited by insects), and fonnd on all very many pollen- 
grains of other plants, which had been caught by their 
velvety surfaces. 

The extraordinary quantity and lightness of the 
pollen of anemophilous plants are no doubt both 
necessary, as their pollen has generally to bo carried 
to the stigmas of other ami often distant flowers ; for, 
as we shall so»)n see, most anemophilous plants have 
their sexes separated. The fertilisation of these plants 
is generally aideil by the stigmas being of large 
size or plumose ; and in the case of the Conifene, 
by the naked ovules secreting a drop of fluid, os 
shown by Delpino. Although tho number of ane- 



• For Mr. Ilasiwll's otwervH- 
tiniig gee ‘Auuulg ami Mat;, of 
NbL Higt.’ vol. Tiii. 1842, p. 108. 
In the ‘ North .American Journal 
of Si ience.’ Jan. 1842, there ht an 
account of the pollen gwept off 
tho (leokg of a vcgacl. Kiloy, 
‘ Fifth It-port on tho Noxioug 
Ingcctg of Miggoiiri,’ 1878, p. 80. 



Kernor, ‘Die Sehutzniittcl deg 
Folleng,’ 1873, p. 6. Thig author 
hag algo g<-cn a lake in the Tyrol 
go covered with pollen, Uiat the 
water no longer appeanxl blue. 
Sir. Blackley. ‘ Kxpi riinontal Re- 
gearcheg on llay-fover,’ 1873, 
pp. 132, 111-152. 
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mophilous species is small, as the author just quoted 
remarks, the number of individuals is large in com- 
parison with that of entomophiloiis s{)ecies. This 
holds good especially in cold and temjierato regions, 
where insects are not so numerous as under a warmer 
climate, and where consequently entomoj)hilous plants 
are less favourably situated. We see this in our 
forests of Conifer® and other trees, such as oaks, 
beeches, birches, ashes, itc. ; and in the Gramine®, 
Cyperacejo, and Juncacere, which clothe our meadows 
ami swamps ; all these trees and plants being fertilised 
by the wind. As a large (juantity of pollen is wasted 
by anemo]>hilou3 plants, it is surprising that so many 
vigorous species of this kind abounding with individuals 
should still exist in any jwrt of the world ; for if they 
had been rendered entomophilous, their pollen would 
have been transported by the aid of the senses and 
appetites of insects with incomparably greater safety 
than by the wind. That such a conversion is possible 
can hardly be doubted, from the remarks lately made 
on the existence of intermediate forms; and apjiarently 
it has been effected in the group of willows, as we may 
infer from the nature of their nearest allies.* 

It seems at first sight a still more surprising fact 
that ])hints, after having been once rendered entomo- 
philuus, should ever again have become anemophilous ; 
but this has occasionally though rarely occurred, for 
instance, with the common Poterium sanguisorha, as may 
be inferred from its belonging to the Rosace®. Such 
cases are, hdwever, intelligible, as almost all plants 
require to be occasionally intercrossed; and if any 
entomophilous species ceased to be visited by insects, 
it would probably perish unless it were rendered 

* H. Miillcr, ‘Die Bcrruclitung,’ Ac. p. 149. 
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anemophilous. A plant would be neglected by insects 
if nectar failed to be secreted, unless indeeil a large 
supply of attractive pollen was present; and from 
what wo have seen of the excretion of saccharine fluid 
from leaves and glands being largely governed in 
several cases by climatic influences, and from some 
tew flowers which do not now secrete nectar still 
retaining coloured guiding-marks, the failure of the 
secretion cannot be considered as a very improbable 
event. The same result would follow to a certainty, 
if winged insects ceased to exist in any district, or 
became very rare. Now there is only a single 
plant in the great order of the Cruciferse, namely, 
Pringlea, which is anemophilous, and this plant is 
an inhabitant of Kerguelen Land,* where there 
are hardly any winged insects, owing probably, ns 
was suggested by me in the case of Madeira, to 
the risk which they run of being blown out to sea and 
destroyed. 

A remarkable fact with respect to anemophilous 
plants is that they are often diclinous, that is, they are 
either moncecious with their sexes separated on the 
same plant, or dioecious with their sexes on distinct 
plants. In the class Monoecia of Linumus, Delpino 
shows t that the species of twenty-eight genera are 
anemophilous, and of seventeen genera entomophilous. 
In the class Dioecia, the species of ten genera are 
anemophilous and of nineteen entomophilous. The 
larger proportion of entomophilous genera in this 
latter class is probably the indirect result of insects 
having the power of carrying pollen to another and 
sometimes distant plant much more securely than the 

• The Rev. A. E. Eftton in t ‘Stiuli sopra nn 
‘ Koyal Soc.’ vol. xxiil 1875, anemoaio tleU© CompositiD,' 1871. 
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wind. In the above two classes tiikoii together there 
are thirty-eight anemophilous and thirty-six ento- 
mophilons genera ; wliereas in the great mass of 
hermaphrodit*; plants the proportion of anemophilons 
to cntomophilous genera is extremely small. The 
cause of this remarkable difference may be attributed 
to anemn[)hilous plants having retained in a greater 
degree than the entomophilous a primordial condi- 
tion, in which the sexes were separate<l and their 
mutual fertilisation effected by means of the wind. 
That the earliest and lowest members of the vegetable 
kingdom had their sexes separated, as is still the case 
to a large extent, is the opinion of a high authority, 
Nageli.* It is indeed difficult to avoid this con- 
clusion, if we admit the view, which seems highly 
probable, that the conjugation of the Algrn and of 
some of the simplest animals is the first step towards 
sexual reproduction ; and if we further bear in mind 
that a greater and greater degree of difl'erentiation 
between the cells which conjugate can be traced, 
thus leading apparently to the development of the 
two sexual forms.t We have also seen that as 
plants became more highly developed and affixed to 
the ground, they would be compelled to be anemo- 
philous in order to intercross. Therefore all plants 
which have not since been greatly modified, would 
tend still to be both diclinous and anemophilous ; and 
we can thus understand the connexion between these 
two states, although they ap{)car at first sight quite 



* ‘ EnUtelmnf; und Bpgriff der 
naturhut. Art.' IStiS. p. 22. 

t See the intenwting diaciu- 
tion on thia whole aubjoet by O. 
BUtachli in hia ‘ Studien Uber die 
eraten KntwickelungavorKiini^der 
Eizulle,' Ac. 1876, pp. '207-219. 



Alan, Knselnmnn, “t’eber EnL 
wickelnnK von Iiifiiaoricn," ‘ Mor. 
pliol. Jahrbiieh.' B. 1. p. 573. 
Alao, Dr. A. Dodel, “ Die Krana- 
hoar-Alse." * Priiig^eima Jabrb. 
r. wiaa. Dot.’ B. x. 
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disconnected. If this view is correct, plants must have 
been rendered hermaphrodites at a later though still 
very early period, and entomophilous at a yet later 
period, namely, after the development of winged insects. 
So that the relationship between hermaphroditism and 
fertilisation by means of insects is likewise to a certain 
extent intelligible. 

Why the descendants of plants which were originally 
dioecious, aud which therefore profited by always inter- 
crossing with another individual, should have been 
converted into hermaphrodites, may perhaps be ex- 
plained by the risk which they ran, especially as long as 
they were anemophilous, of not being always fertilised, 
and consequently of not leaving offspring. This latter 
evil, the greatest of all to any organism, would have 
been much lessened by their becoming hermaphrodites, 
though with the contingent disadvantage of frequent 
self-fertili.sation. By what graduated steps an herma- 
phrodite condition was acquired we do not know. But 
we can see that if a lowly organised form, in which 
the two sexes were represented by somewhat diflerent 
individuals, were to increase by budding either before 
or after conjugation, the two incipient sexes would 
be capable of appearing by buds on the same stock, 
as occasionally occurs with various characters at the 
present day. The organism would then be in a 
monmcious condition, and this is probably the first 
step towards hermaphroditism ; for if very simple 
male and female flowers on the same stock, each con- 
sisting of a single stamen or pistil, were brought close 
together aud surrounded by a common envehq>e, in 
nearly the same manner as with the florets of the 
Compositte, we should have an hermaphrcMlitc flower. 

There seems to be no limit to the changes which 
organisms undergo under changing conditions of life ; 
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and some hermajdirodite plants, descended as we must 
believe from aboriginally diclinous plants, have had 
their sexes again se*parated. That this has occurred, 
we may infer from the presence of rudimentary stamens 
in the flowers of some individuals, and of rudimentary 
pistils in the flowers of other individuals, for exam]>le 
in Lychnis dioica. But a conversion of this kind will 



not have occurred unless cross-fertilisation was already 
assured, generally by the agency of insects ; but why 
the production of male and female flowers on distinct 
plants should have l)een advantageous to the species, 
cross-fertilisation having been previously assured, is 
far from obvious. A phuit might indeeil produce twice 
as many seeds as were necessary to keep up its numbers 
under new or changed conditions of life ; and if it did 
not vary by bearing fewer flowers, and did vary in the 
state of its reproductive organs (ns often occurs under 
cultivation), a wasteful expenditure of seeds and jiollen 
would bo saved by the flowers becoming diclinous. 

A related jioint is worth notice. 1 remarked in my 
Origin of Species that in Britain a much larger j)ro- 
portion of trees and bushes than of herbacaHms plants 
have their sexes separated ; and so it is, according to 
Asa Gray and Hooker, in North America and New 
Zealand.* It is, however, doubtful how far this rule 
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holds good generally, and it certainly does not do so 
in Australia. But I have been assured that the flowers 
of the prevailing Australian trees, namely, the 
Myrtaceae, swarm with insects, and if they are dicho- 
gamous they would be practically diclinous.* As far 
as anemophilous plants are concerned, we know that 
they are apt to have their sexes separated, and we can 
see that it would be an unfavourable circumstance for 
them to bear their flowers very close to the ground, as 
their pollen is liable to be blown high up in the air ; t 
but as the culms of grasses give sufficient elevation, 
we cannot thus account for so many trees and bushes 
being diclinous. We may infer from our previous 
discussion that a tree bearing numerous hermaphrodite 
flowers would rarely intercross with another tree, 
except by means of the jx>llen of a distinct individual 
being prepotent over the plant’s own pollen. Now' the 
separation of the sexes, whether the plant were anemo- 
philous or entomophilous, would most effectually bar 
self-fertilisation, and this may be the cause of so many 
trees and bushes being diclinous. Or to put the case 
in another way, a plant would be better fitted for 
development into a tree, if the sexes were separated, 
than if it were hermaphrodite ; for in the fonner case 
its numerous flowers would be less liable to continued 



Asa Gray informs me that in tbo 
United States there are 132 native 
trees (belongin;; to twenty-five 
families) of which ninety-five (be- 
longing to seventeen families) 
“have their sexes more or less 
separaterl. for Iho greater part 
decidedly scparatid.” 

• With respect totheProtcaccie 
of Australia, Mr. Boiitliam re- 
marks (‘ Journal Linn. Soc. Hot.’ 
vol. xiii. 1871, pp. 58, 64) on the 
various contrivances by which the 



stigma in the several genera, is 
screened from the action of the 
pollen from the same fiower. For 
instance, in Synaplica “ tlie stigma 
is held by the eunuch (i.e„ one 
of the stamens which is barren) 
safe from alt pollution from her 
brother anthers, and is preserve<i 
intact for any )x>llen that may bo 
insortol by insects and other 
agencies," 

t Kerricr, ‘ Schutzmittel des 
PoUens,’ 1873, p. 4. 
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self-fertilisation. But it should also be observed that 
the long life of a tree or bush permits of the separation 
of the sexes, with much less risk of evil from impreg- 
nation occasionally failing and seeds not being pro- 
duced, than in the case of short-lived plants. Hence 
it probably is, a.s Leco<i has remarked, that annual 
plants are rarely dioecious. 

Finally, we have seen reason to believe that the 
higher plants are descended from extremely low forms 
which conjugated, ami that the conjugating indi- 
viduals differed somewhat from one another, — the one 
representing the male and the other the female — so 
that plants were aboriginally dioecious. At a very 
early period such lowly organised dioecious plants 
probably gave rise by budding to monoecious plants 
with the two sexes borne by the same individual ; and 
by a still closer union of the sexes to hermaj)hrodite 
plants, which are now much the commonest form. * 
As soon ns plants became affixed to the ground, their 
pollen must have been carried by some means from 
flower to flower, at first almost certainly by the wind, 
then by pollen-devouring, and afterwards by nectar- 
seeking insects. During subsequent ages some few 
entomophilous plants have been again rendered anemo- 
philous, and some hermaphrodite plants have had their 
sexes again sej>arated; and we can vaguely see the 
advantages of such recurrent changes under certain 
conditions. 

Dioecious plants, however fertilised, have a great 

duals, which represented the two 
incipient sexes. Uu tliis view, the 
hi);hcr animals may now owe 
their bilateral structure, with all 
their organs douhle at an early 
embryonic period, to the fusion 
or conjugation of two primordial 
individuals. 



• There is a considerable 
amount of evidence that all the 
higher animals are the descend- 
ants of hermaphrodit< s ; and it is 
a curious problem whether such 
hermaphroditism may not have 
been the result of the conjugation 
of two slightly different indivi- 
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advantage over other plants in their cross-fertilisation 
being jissured. But this advantage is gained in the 
case of anemophilous species at the expense of the 
piwluction of an enormous superfluity of pollen, with 
some risk to them and to entomophilous species of 
their fertilisation occasionally failing. Half the in- 
dividuals, moreover, namely, the males, produce no 
seed, and this might possibly be a disadvantage. 
Delpino remarks that dioecious plants cannot spread so 
easily as monoecious and hermaphrodite species, for a 
single individual which happened to reach some new 
site could not propagate its kind; but it may be 
doubted whether this is a serious evil. Monoecious 
plants can hardly fail to be to a largo extent dioecious 
in function, owing to the lightness of their pollen and 
to the wind blowing laterally, with the great addi- 
tional advantage of occasionally or often producing 
some self-fertilised seeds. When they are also di- 
chogamous, they are necessarily dioecious in function. 
Lastly, hermaphroilite plants can generally produce at 
least some self-fertilised seeds, and they are at the 
same time capable, through the various means specified 
in this chapter, of cross-fertilisation. When their 
structure absolutely prevents self-fertilisation, they are 
in the same relative jKjsition to one another as 
monoecious or dioecious plants, with what may be an 
advantoge, namely, that every flower is capable of 
yielding seeds. 
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CHAPTER XL 



The Habits of Insects ih relation to the Febtiusation of 
Flowers. 



Insects visit the flowers of the same species as long as they can - Canse 
of this hnl>it— Means by which bees recognise the flowers of the 
same species— Sudiien secretion of nectar— Nectar of certain flowers 
unattractive to certain insects— Industry of bees, and tlie number 
of flowers visited within a short time— Perforation of the corolla 
by bees— Skill shown in the operation— Hive-bees profit by the 
holes made by bnmble-bees— Eficcts of habit — The motive for per- 
forating flowers to save time — Flowers growing in crowded masses 
chiefly perforated. 



Bees and various other insects must be directed by 
instinct to search flowers for nectar and pollen, as 
they act in this manner without instruction as soon as 
they emerge from the pujia state. Their instincts, 
however, are not of a specialised natnre, for they visit 
many exotic flowers as readily as the endemic kind.*!, 
and they often search for nectar in flowers which do 
not secrete any ; and they may be seen attempting to 
suck it out of nectaries of such length that it cannot 
Iks reached by them.* .\11 kinds of bees and certain 
other insects usually visit the flowers of the same species 
as long ns they can, before going to another species. 
This fact was observed by Aristotle with respect to the 



• Sec, on thia sut^t, H. Mul- 
ler, ‘ Befrachtung,' *o. p. 427; 
an<l Sir J. Lubbock’s ‘British 
Wild Flowers,’ Ac. p. 20. HUIlvr 
assigns (‘Blctien Zoitung,’ Juno 
1870, p. 119) good reasons for hU 
belief that bees and many other 



Hymenoptera have inheritnl from 
some early nectur-eucking pro- 
genitor greater skill in robbing 
flowers than that which is dis- 
played by insects lielonging to 
the other Orders. 
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hive-bee more than 2000 years ago, and was noticed 
by Dobbs in a paper published in 1736 in the Philo- 
sophical Transiictions. It may be observed by any 
one, both with hive and humble-bees, in every flower- 
garden; not that the habit is invariably followed. 5Ir. 
Bennett watched for several hours* many plants of 
Latnium album, L. jmrpureum, and another Labiate 
plant, Nepeta glechoma, all growing mingled together 
on a bank near some hives ; and he found that each 
bee confined its visits to the same species. The pollen 
of these three plants differs in colour, so that he was 
able to test his observations by examining that which 
adhered to the bodies of the captured bees, and he 
found one kind on each bee. 

Humble and hive-bees are good botanists, for they 
know that varieties may differ wdely in the colour of 
their flowers and yet belong to the same species. I 
have repeatedly seen humble-bees flying straight from 
a plant of the ordinary red Dictamnus fraxineHa to a 
white variety; from one to another very differently 
coloured variety of Delphinium eonsolida and of 
Primula veris ; from a dark purple to a bright yellow 
Variety of Viola tricolor; and with two sjiecies of 
Papaver, from one variety to another which differed 
much in colour; but in this latter ease some of the 
bees flew indifferently to either species, although pass- 
ing by other genera, and thus acted as if the two spe- 
cies were merely varieties. H. Muller also has seen 
hive-bees flying from flower to flower of Ranunculus 
hulhosus and arvensis, and of Trifolium fragiferum 
and repens; and even from blue hyacinths to blue 
violets.t 

Some species of Diptera or flies keep to the flowers 

•‘Nature,’ 1874, June 4th, t ‘ Bienen Zeitung,’ July 1 87C, 
p. 92. p. 183. 
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of the same S]>ecic8 with ulmost as much repriilarity as 
do bees ; and when captured they are found covere<l 
with pollen. I luive seen Bhingia rottmta acting in 
this manner with the flowers of Lyehnu dioiea, Ajuga 
repttiM, and Vicia sepium. Vducella plumosa and Empis 
clteiropUra flow straight from flower to flower of Mijogotis 
sghatica. Dolichopus nigripennu behaved in the same 
manner with PoieniiUa tormeniUla ; and other Diptera 
with EUBaria holostea, Hdianthemum vulgare, Bdlia 
perennis, Veronica hedermfciia and ehamcedrgs ; but some 
flies visited indifierently the flowers of these two latter 
s{)ccie8. 1 have seen more than once a minute Thrips, 
, with pollen adhering to its body, fly from one flower to 
another of the same kind ; and one was observe<l by 
me crawling about within a convolvulus with four 
grains of pollen adhering to its head, which were 
deposited on the stigma. 

Fabricius and Sprengel state that when flies have 
once entered the flowers of Aristolochia they never 
escape, — a statement which I could not believe, as in 
this case the insects would not aid in the cross-fertili- 
sation of the plant ; and this statement has now been 
shown by Hildebrand to be erroneous. As the sjMithes 
of Arum maeulatum are furnished with filaments apita- 
rently adapted to prevent the exit of insects, they 
resemble in this res|)ect the flowers of Aristolochia; and 
on examining several spathcs, from thirty to sixty 
minute Diptera belonging to three species were found 
in some of them ; and many of these insects were lying 
dead at the bottom, as if they had been permanently 
entrapiMsl. In onler to discover whether the living 
ones could escape and carry pollen to another plant, I 
tied in the spring of 1842 a fine muslin bag tightly 
round a spathe; and on returning in an hour’s time 
several little flies were crawling about on the inner 
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surface of the bag. I then gathered a spathe and 
breathed hard into it ; several flies soon crawled out, 
and all without exception were dusted with arum pollen. 
These flies quickly flew away, and I distinctly saw- 
three of them fly to another plant about a yard off; 
they alighted on the inner or concave surface of the 
spathe, and suddenly flew down into the flow er. I then 
opened this flower, and although not a single anther 
had burst, several grains of jiollen wore lying at the 
bottom, which must have been brought from another 
plant by one of these flies or by some other insect. In 
another flow-er little flies wore crawling about, and I 
saw tliem leave pollen on the stigmas. 

I do not know whether Lepidoj)tera generally keep 
to the flowers of the same species ; but I once observed 
many minute moths (I believe Lampronia (Tinea) 
ccdthella) apparently eating the jwllen of Mercurialis 
annua, and they had the whole front of their bodies 
covered with iwllen. I then went to a female plant 
some yards ofi', and saw in the course of fifteen minutes 
three of these moths alight on the stigmas. Lcpidoptera 
are probably often induced to frequent the flowers of the 
same species, whenever these are provided with a long 
and narrow nectary, as in this case other insects cannot 
suck the nectar, which will thus be preserved for those 
having an elongated proboscis. No doubt the Yucca 
moth* visits only the flowers whence its name is de- 
rived, for a most wonderful instinct guides this moth 
to place pollen on the stigma, so that the ovules may be 
developed on which the larvm feed. AVith respect to 
Coleoptera, I have seen Meligethes covered with pollen 
flying from flower to flower of the same species ; and 



• Described l>y Mr. Kiley in Ihe ‘ American Naturalist,' vol. vii. 
Oct. 1873. 
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this must often occur, as, according to )[. Brisout, 
“ many of the species affect only one kind of plant.” • 

It n>ust not be siippose<l from these several statements 
that insects strictly confine their visits to the same 
species. They often visit other species when only a 
few plants of the same kind grow near together. In a 
flower-garden containing some plants of (Enothera, the 
pollen of which can easily be recognise<l, I found not 
only single grains but masses of it within many flowers 
of Mimulus, Digitalis, Antirrhinum, and Linaria. 
Other kinds of pollen were likewise detectetl in these 
same flowers. A large number of the stigmas of a plant 
of Thyme, in which the anthers were completely aborte<l, 
were examined ; and these stigmas, though scarcely 
larger than a split needle, were covered not only with 
pollen of Thyme brought from other plants by the bees, 
but with several other kinds of pollen. 

That insects should visit the flowers of the same 
species as lung as they can, is of great importance 
to the plant, as it favours the cross-fertilisation of 
distinct individuals of the same species ; but no one 
will suppose that insects act in this manner for the good 
of the plant. The cause probably lies in insects being 
thus enabled to work quicker ; they have just learnt 
how to stand in the best position on the flower, and how 
far and in what direction to insert their proboscides-t 
They act on the same principle ns does an artificer 
who has to make half-a-dozen engines, and who saves 
time by making consecutively each wheel and part for 
all of them. Insects, or at least l)ees, seem much in- 
fluenced by habit in all their manifold operations; and 

* As quoted in ‘ American Xat.' eonelnsinn with respect to the 
Mny 1873, p. 270. cause of insects frrquentinr as 

t Since those remarks wore long as they ran the flowers of the 
written, I find that H. Milder has same species: * Dienen Zeitung,’ 
cuiue to almost exactly the same July 1876, p. 182. 
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we shall presently see that this holds g(X>d in their 
felonious practice of biting holes through the corolla. 

It is a curious question how bees recognise the flowers 
of the same species. That the coloured corolla is the 
chief guide cjinnot be doubted. On a flne day, when 
hive-bees were incessantly visiting the little blue flowers 
of Lobelia erinm, I cut oft’ all the petals of some, and 
only the lower striped petals of others, and these flowers 
were not once again sucketl by the bees, although some 
actually crawled over them. The removal of the two 
little upper petals alone made no difference in their 
visits. Mr. ,T. Anderson likewise states that when he re- 
moved the corollas of the Calceolaria, bees never visited 
the flowers.* On the other hand, in some large masses of 
Geranium phmim which had escaped out of a garden, I 
observed the unusual fact of the flowers continuing to 
secrete an abundance of nectar after all the petals had 
fallen off ; and the flowers in this state were still visited 
by humble-bees. But the bees might have learnt that 
these flowers with all their petals lost were still worth 
visiting, by finding nectar in those with only one or 
two lost. The colour alone of the corolla serves as 
an approximate guide : thus I watched for some time 
humble-bees which were visiting exclusively plants of 
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the white-flowere<l Sjnranthes autumnalis, growing on 
short turf at a considerable distance apart ; and these 
bees often flew within a few inches of several other 
plants with white flowers, and then without further ex- 
amination jmssetl onwards in search of the Kpiranthes. 
Again, many hive-bees which confined their visits to the 
common ling {CaUuna vulgaris), repeatedly flew towards 
Erica Mralix, evidently attracted by the nearly similar 
tint of their flowers, and then instantly passed on in 
search of the Calluna. 

That the colour of the flower is not the sole guide, is 
clearly shown by the six cases above given of bees 
which repeatedly [wisseil in a direct line from one 
variety to another of the same s|>ecies, although they 
bore very differently coloured flowers. I observed also 
bees flying in a straight line from one clump of a yellow- 
flowered (Enothera to every other clump of the same 
plant in the garden, without turning an inch from 
their course to plants of Eschscholtzia and others with 
yellow flowers which lay only a foot or two on either 
side. In these cases the bees knew the position of each 
plant in the garden perfectly well, as we may infer by 
the directness of their flight ; so that they were guided 
by experience and memory. But how did they discover 
at first that the above varieties with differently coloured 
flowers belonged to the same species ? Improbable as 
it may apjjear, they seem, at least sometimes, to recog- 
nise plants even from a distance by their general 
asjMJCt, in the same manner as we should do. On three 
occasions I observed humble-bees flying in a perfectly 
straight line from a tall larkspur (Delphinium) which 
was in full flower to another plant of the same species 
at the distance of fifteen yanls which had not as yet a 
single flower oj)en, and on which the buds showed only 
a faint tinge of blue. Here neither odour nor the 
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memory of former visits could have come into play, 
and the tinge of blue was so faint that it could hardly 
have served as a guide.* 

The conspicuousness of the corolla does not suffice 
to induce repeated visits from insects, unless nectar is 
at the same time secreted, together jKjrhaps with 
some odour emitted. I watched for a fortnight many 
times daily a wall covered with Linaria cymbalaria 
in full flower, and never saw a bee even looking at 
one. There was then a very hot day, and suddenly 
many bees were industriously at work on the flowers. 
It appears that a certain degree of heat is necessary for 
the secretion of nectar; for I observed with Lchelia 
erinus that if the sun ceased to shine for only half an 
hour, the visits of the bees slackened and soon ceased. 
An analogous fact with respect to the sweet excretion 
from the stipules of Vida saliva has been already 
given. As in the case of the Linaria, so with Pedicu- 
laris sylvatiea, Polygala vulgaris, Viola tricolor, and some 
species of Trifolium, I have watched the flowers day 
after day without seeing a bee at work, and then sud- 
denly all the flowers were visited by many bees. Now 
how did so many bees discover at once that the flowers 
were secreting nectar ? I presume that it must have been 
by their odour ; and that as soon ns a few bees began 
to suck the flowers, others of the same and of different 
kinds observed the fact and profited by it. We shall 
presently see, when we treat of the perforation of the 
corolla, that bees are fully capable of profiting by the 



• A fact DiPntioin>d br H. 
Mailer (‘Die B.'fnicbtuDg,‘ 
p. 347) shove that bees pnssoss 
acute powers of TisiMU and dis- 
crimiuatioii ; fur those engaged in 
c<illoctitig pollen from Primula 
elatior invariably passed by the 



flowers of the long-style<l form, in 
wliioh the anthers are seated low 
down in the tnbuiar corolla. Yet 
the difierenco in aspect between 
the long-styled and short-styled 
forms is extremely slight 
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labour of other species. Memory also comes into play, 
for, as already remarked, bees know the position of 
each clump of flowers in a ganlen. I have rojieatedlv 
seen them passing ronnd a corner, but otherwise in as 
straight a line as possible, from one plant of Fraxinella 
and of Linaria to another and distant one of the same 
species ; although, owing to the intervention of other 
plants, the two were not in sight of each other. 

It would appear that either the taste or the odour of 
the nectar of certain flowers is unattractive to hive or to 
humble-bees, or to both ; for there seems no other reason 
why certain open flowers which secrete nectar are not 
visited by them. The small quantity of nectar secreted 
by some of these flowers can hardly be the cause of 
their neglect, as hive-bees search eagerly for the minute 
drops on the glands on the leaves of the Prunus lauro- 
cerasns. Even the bees from different hives sometimes 
visit different kinds of flowers, as is said to be the case 
by 3Ir. Grant with respect to the Polyanthus and Viola 
tricolor.* I have known humble-bees to visit the flowers 
of Lohdia fuhjem in one garden and not in another at 
the distance of only a few miles. 'J’he cupful of nectar 
in the labellum of Epipactis latifolia is never touched 
by hive- or humble-bees, although I have seen them 
flying close by ; and yet the nectar has a pleasant 
taste to us, and is habitually consumed by the common 
wasp. As far as I have seen, wasps seek for nectar in 
this country only from the flowers of this Epipactis, 
Scrophularia aquatica, Sijmphoricarpm racemom,\ and 
Tritoma ; the two former plants being endemic, and 
the two latter exotic. As wasps are so fond of sugar 



three planU nre alone vUitol by 

- -i-i “-J wasps : ■ Xettarii E-lranuziali, 

holds good in Italy, for Dolpino Bulleltino Entomologico,' anno vi. 
soys tiiat the flowers of these 
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and of any sweet fluid, and as they do not disdain the 
minute drops on the glands of Pruntis laurocerams, it 
is a strange fact that they do not suck the nectar of 
many open flowers, which they could do without the 
aid of a proboscis. Hive-bees visit the flowers of 
the Hymjdioricarpus and Tritoma, and this makes it all 
the stranger that they do not visit the flowers of 
the Epipactis, or, as far as I have seen, those of the 
Scrophularia aquaiica; although they do visit the 
flowers of Scrophularia nodosa, at least in North 
America.* 

The extraordinary industry of bees and the number 
of flowers which they visit within a short time, so that 
each flower is visited repeatedly, must greatly increase 
the chance of each receiving pollen from a distinct 
plant. When the nectar is in any way hidden, l«>es 
cannot tell without inserting their proboscides whether 
it has lately been exhausted by other bees, and 
this, as remarked in a former chapter, forces them to 
visit many more flowers than they otherwise would. 
But they endeavour to lose as little time as they can ; 
thus in flowers having several nectaries, if they find 
one dry they do not try the others, but as I have often 
observed, pass on to another flower. They work so in- 
dustriously and efiectually, that even in the case of 
social plants, of which hundreds of thousands grow 
together, as with the several kinds of heath, every 
single flower is visited, of which evidence will presi-ntly 
be given. They lose no time and fly very quickly 
from plant to plant, but I do not know the rate at 
which hive-bees fly. Humble-bees fly at the rate of 
ten miles an hour, as I w as able to ascertain in the case 
of the males from their curious habit of calling at 

• ‘Silliiiian'g American Journal of Science,’ Aug. 1871. 
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certain fixed points, which made it easy to measure the 
time taken in passing from one place to another. 

With respect to the number of flowers which bees 
visit in a given time, I observed that in exactly one 
minute a humble-l>ee visited twenty-four of the closed 
flowers of the Linaria cymhalaria ; another bee visited 
in the same time twenty-two flowers of the Stfmphori- 
carpus raeeiiiosa ; and another seventeen flowers on two 
plants of a Delphinium. In the course of fifteen 
minutes a single flower on the summit of a plant of 
Oenothera was visited eight times by several humble- 
bei-s, and I followed the last of these bees, whilst 
it visited in the course of a few additional minutes 
every plant of the same species in a large flower- 
garden. In nineteen minutes every flower on a small 
plant of Nemophila insiynis was visited twice. In one 
minute six flowers of a Campanula were entere<l by 
a |K)llen-collecting hive-bee; and bees when thus 
employed work slower than when sucking nectar. 
I..astly. seven flower-stalks on a plant of Dictamnus 
fraxineUa were observed on the 15th of June 1841 during 
ten minutes ; they were visited by thirteen humble-liees 
each of which entered many flowers. On the 22nd the 
same flower-stalks were visite<l within the same time by 
eleven humble-bees. This plant bore altogether 280 
flowers, and from the above data, taking into con- 
sideration how late in the evening humbhvbees work, 
each flower must have been visited at least thirty times 
daily, and the same flower keeps open during several 
days. The frequency of the visits of bees is also some- 
times shown by the manner in which the petals are 
scratched by their lux>ke<l tarsi ; I have seen large be«ls 
of Mimiilus, Stachys, and I>athyrus with the beauty 
of their flowers thus sadly defaceil. 

Perforation of the Corolla htj Bees. — I have already 
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alluded to bees biting holes in flowers for the sake of 
obtaining the nectar. They often act in this manner, 
both with endemic and exotic species, in many parts of 
Euroj)e, in the United States, and in the Himalaya; 
and therefore probably in all parts of the world. The 
plants, the fertilisation of which actually depends on 
insects entering the flowers, will fail to produce seed 
when their nectar is stolen from the outside ; and even 
with those species which are capable of fertilising 
themselves without any aid, there can be no cross- 
fertilisation, and this, as we know, is a serious evil 
in most cases. The extent to which humble-bees 
carry on the practice of biting holes is surprising : a 
remarkable case was observed by me near Bourne- 
mouth, where there were formerly extensive heaths. 
I took a long walk, and every now and then gathered 
a twig of Erica tetralix, and when I had got a handful 
all the flowers were examined through a lens. This 
process was repeated many times ; but though many 
hundreds were examined, I did not succeed in finding 
a single flower which had not been perforated. 
Humble-bees were at the time sucking the flowers 
through these perforations. On the following day a 
large number of flowers were examined on another 
heath with the same result, but here hive-bees were 
sucking through the holes. This case is ail the 
more remarkable, as the innumerable holes had been 
made within a fortnight, for before that time I saw the 
bees everywhere sucking in the proper manner at the 
mouths of the corolla. In an extensive flower-garden 
some large beds of Salvia grahami, Staehys coecinea, 
and PentUemon argutus (?) had every flower per- 
forated, and many scores were examined. I have seen 
whole fields of red clover {TrifoHum pratense) in the 
same state. Dr. Ogle found that 90 per cent, of the 
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flowers of Salvia (jhUinoaa had been bitten. In the 
United States Mr. Bailey says it is difficult to find a 
blossom of the native Gtrardia pedieularia without a 
hole in it; and Mr. Gentry, in speaking of the intro- 
duced Wistaria sinensis, says “ that nearly every flower 
had been perforated.”* 

As far as I have seen, it is always humble-bees which 
first bite the holes, and they are well fitted for the work 
by ]K>ssessing {lowerful mandibles ; but hive-bees after- 
wards profit by the holes thus made. Dr. H. Muller, 
however, writes to me that hive-bees sometimes bite 
holes through tho flowers of £rica ietralitB. No insects 
except bees, with the single exception of wus|>s in the 
case of Tritoma, have sense enough, as far as I have 
observetl, to profit by tho holes already made. Even 
humble-bees do not always discover that it would be 
advantageous to them to i)crforato certain flowers. 
There is an abimduut supply of nectar in tho nectary 
of Tropsedwn tricolor, yet 1 have found this plant 
untouched in more than one garden, while the flowers 
of other plants had been extensively perforated ; but 
a few years ago Sir J. Lubbock’s gardener assured 
mo that he had seen humble-bees boring thniugh 
tho nectary of this Tropa>olum. Muller has observed 
humble-bees trying to suck at the mouths of the 
flowers of Frimula elatior and of an Aquilegia, and, 
failing in their attempts, they made holes through 
the corolla ; but they often bite holes, although they 
could with very little more trouble obtain the 
nectar in a legitimate manner by the mouth of the 
corolla. 

Dr. W. Ogle has conununicated to me a curious case. 

• Dt. Oglf, ‘ Po|i. 8cienoe U»- p. 690. Oentrv, IbtL M»y 1875, 
view.’ July 1809, p. 267. IlHiloy, p. 204. 

‘ Amciicuii Naturulut,’ Nov. 1H7S, 
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He gathered in Switzerland 100 flower-stems of the 
common blue variety of the monkshood {Aconitum 
napellus), and not a single flower was perforated ; he 
then gathered 100 stems of a white variety growing 
close by, and every one of the open flowers had been 
perforated. This surprising difference in the state of 
the flowers may be attributed with much probability 
to the blue variety being distasteful to bees, from the 
presence of the acrid matter which is so general in the 
Ranunculaceae, and to its absence in the white variety 
in correlation with the loss of the blue tint. Accord- 
ing to Sprengel,* this plant is strongly proterandrous ; 
it would therefore be more or less sterile unless bees 
carried pollen from the younger to the older flowers. 
Consequently the white variety, the flowers of which 
were always bitten instead of being properly entered 
by the bees, would fail to yield the full number 
of seeds and would be a comparatively rare plant, 
as Dr. Ogle informs me was the case. 

Bees show much skill in their manner of working, 
for they always make their holes from the outside 
close to the spot where the nectar lies hidden within 
the corolla. All the flowers in a large bed of Stachya 
coeeinea had either one or two slits made on the upjier 
side of the corolla near the base. The flowers of a 
Alirabilis and of Salvia coeeinea were perforated in the 
s.ime manner ; whilst those of Salvia yrahami, in which 
the calyx is much elongated, had both the calyx and the 
corolla invariably perforated. The flowers of Pentatemon 
arytUua are broader than those of the plants just named, 
and two holes alongside each other had here always 
been made just above the calyx. In these several cases 
the perforations were on the uj)per side, but in ArUir- 

* ' Da* Entdeokte,’ &c. p. 278. 



© The Comolete Work of Charles Darwin Online 



Chai*. XI. TEnronATION of the comolla. 



425 ) 



rhtnum majiu one or two holes had been made on the 
lower side, close to the little protuberance which re- 
presents the nectary, and therefore directly in front of 
anti close to the sjwt where the nectar is secreted. 

Ilut the most remarkable cose of skill and judgment 
known to me, is that of the perforation of the flowers of 
Lathynu gijhetlrit, as ilescribed by my son Francis.* 
The nectar in this plant is enclosed within a tube, 
formed by the united stamens, which surround the 
pistil so closely that a boo is forced to insert its 
proboscus outside the tube ; but two natuml rounded 
passages or orifices are left in the tube near the base, 
in onler that the n«>ctar may be reached by the bees. 
Now my son found in sixteen out of twenty-four flowers 
on this plant, and in eleven out of sixteen of those on 
the cultivated everlasting js-a, which is either a variety 
of the same species or a closely alliinl one, that the 
left |Nissage was larger than the right one. .Vnd here 
comes the n-markable point, — the humble-bees bite holes 
through the standard-]ietal, and they always operate<l 
on the left side over the jiussage, which is generally 
the larger of the two. My son remarks : “ It is difficult 
to say how the bees could have acquired this liabit. 
Whether they discovered the ine<{uality in the size of 
the nectar-holes in sucking the flowers in the pro|)er 
way, and then utilised this knowledge in determining 
where to gnaw the hole ; or w hether they found out 
the hirst situation by biting through the standard at 
various jHiints, and afterwards remembered its situation 
in visiting other flowers. Hut in either case they show a 
remarkable (tower of making use of what they have 
learnt by ex(ierience.” It seems probable that bees 
owe their skill in biting holes through flowers of all 



* Niiture,' Jan. 8, 1874, p. Ir9. 
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kinds to their having long practised the instinct of 
moulding cells and pots of wax, or of enlarging their 
old cocoons with tnbes of wax ; for they are thus 
compelled to work on the inside and outside of the 
same object. 

In the early part of the summer of 1857 I was 
led to observe during some weeks several rows of the 
scarlet kidney-bean {Phaseolus multijlorus), whilst 
attending to the fertilisation of this plant, and daily 
saw humble- and hive-bees sucking at the ’mouths 
of the flowers. But one day I found several humble- 
bees employed in cutting holes in flower after flower ; 
and on the next day every single hive-bee, without 
exception, instead of alighting on the left wing-petal 
and sucking the flower in the proper manner, flew 
straight without the least hesitation to the calyx, and 
sucked through the holes which had been made only 
the day before by the humble-bees; and they con- 
tinued this habit for many following days.* Mr. Belt 
has communicated to me (July 28th, 1874) a similar 
case, with the sole difference that loss than half of the 
flowers had been perforated by the humble-bees; 
nevertheless, all the hive-bees gave up sucking at the 
mouths of the flowers and visited exclusively the bitten 
ones. Now how did the hive-bees find out so quickly 
that holes had been made ? Instinct seems to be out 
of the question, as the plant is an exotic. The holes 
cannot be seen by bees whilst standing on the wing- 
petals, where they had always previously alighted. 
From the ease with which bees were deceived when the 
petals of Lobelia ertnut were cut off, it was clear that 
in this case they were not guided to the nectar by its 
smell; and it may be doubted whether they were 

• ‘Gard. Chmn.’ 1857, p. 725. 
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attracted to the holes in the flowers of the Phas<<olus 
by the odour emitted from them. Did they perceive 
the holes by the sense of touch in their proboscides, 
whilst sucking; the flowers in the proper manner, and 
then reason that it would save them time to alight on 
the outside of tiio flowers and use the ludes? This 
seems almost too abstruse an act of reastin for bees; 
and it is more probable that they saw the humble-bees 
at work, and understanding what they were about, 
imitated them and t<H)k advantage of the shorter jiath 
to the nectar. Even with animals high in the scale, 
such as monkeys, we should be surprise*! at hearing 
that all the individuals of one s{>ecies within the 
space of twenty-four hours understood an act per- 
formed by a distinct species, and profltc<l by it. 

I have repeaUnlly observed with various kinds 
of flowers that all the hive and humblo-bces which 
were sucking through the jierforations, flew to them, 
whether on the upper or under side of the corolla, 
without the least hesitation; and this shows how 
quickly all the individuals within the district hatl 
acquired the same knowledge. Yet habit comes int*> 
play to a certain extent, as in so many of the other 
operations of bees. Dr. Ogle, .Messrs. Farn>r and 
Rdt have observed in the case of P/uueolu* multi^onu* 
that certain intlividuals went exclusively to the per- 
forations, while others of the same 8|iecies visited 
only the mouths of the flowers. I noticed in 1801 
exactly the same fiict with Trifolium pratente. So {)or- 
sisteiit is the force of habit, that when a bee which is 
visiting perforated flowers comes to one which has not 
been bitten, it does not go to the month, but instantly 

• Dr. Ogle, ‘Pop. Scionoe He- HUt’ Db «erios, toI. iL 1808, ii. 
view,' Aiiril 1870, p. 107. Sir. !U8. Mr. Dolt iu u letter to lue. 
Farn-r, ‘ AnnaU aud Mag. ot Nut. 



© The Complete Work of Charles Darwin Online 



432 



HABITS OF INSECTS. 



Chap. XI. 



flies away in search of another bitten flower. Never- 
theless, I once SJiw a humble-bee visiting the hybrid 
Rhododendron aialoides, and it entered tbe mouths 
of some flowers and cut holes into the others. Dr. 
H. Muller informs me that in the same district he has 
seen some individuals of Bomhus mastrucatus boring 
through the calyx and corolla of Rhinanthus dledero- 
lo])hus, and others through the con)lla alone. Different 
species of bees may, however, sometimes be observed 
acting differently at the same time on the same plant. 
I have seen hive-bees sucking at the mouths of the 
flowers of the common bean ; humble-bees of one kind 
sucking through holes bitten in the calyx, and humble- 
bees of another kind sucking the little drops of fluid 
excreted by the stipules. Mr. Beal of Michigan 
informs me that the flowers of the Missouri currant 
(Rtbes aureum) abound with nectar, so that children 
often suck them; and he saw hive-bees sucking 
through holes made by a bird, the oriole, and at the 
same time humble-bees sucking in the proper manner 
at the mouths of the flowers.* This statement about 
the oriole calls to mind what I have before said of 
certtiin species of humming-birds boring holes through 
the flowers of the Brugmansia, whilst other species 
entered by the month. 

The motive which impels bees to gnaw holes through 
the corolla seems to be the saving of time, for they 
lose much time in climbing into and out of largo 
flowers, and in forcing their heads into closed ones. 
They were able to visit nearly twice as many flowers, 
as far as I could judge, of a Stachys and Pentstemon 



* The flowrra of the Ribes are tbioogh and rob aoven flowen 
liowt'TPr aonietimea perfnnitod by of their honey in a minute; 
humble-beee, and Mr. Bundy says ‘ American Naturalist,’ 1876, p. 
that they a-ero able to bite 238. 
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b]r alighting on the upper aurlaco of the corolla 
and socking through the rut holes, than bj entering in 
the proper way. Xerertheless each bee before it 
has had much practice, must lose some time in 
making each new perforation, esjiecially when the per- 
foration has to be made through both calyx and 
corolla. This action therefore implies foresight, of 
which fiKolty we hare abondant eridence in their 
building operations ; and may we not further beliere 
that some trace of their social iiutinet, that is, of 
working for the g<x)d of other members of the com- 
munity, may here likewise play a port ? 

Many years ago I was stmek with the Uct that 
hnmble-b^ as a general rule perforate flowers only 
when these grow in large nnmben near together. In 
a garden where there were some very large lie<ls of 
Stachyi eoeetnea and of Pentttemon arifuitu, every single 
flower was jwrforated, but I found two plants of the 
former species growing quite separate with their (ictals 
much scratched, showing that they had been frequently 
visited by bees, and yet nut a single flower was 
|ierfuiated. I found also a separate plant of the 
I’entstemon, and saw bees l•ntt•ring the mouth of the 
corolla, and not a single flower had been perforated. In 
the following year (ltH2) I visited the same garden 
several times: on the liHh of July humble-bees were 
sucking the flowers of Sladtyt coteitua and Salvia 
grahami in the proper manner, and none of the corollas 
were perforated. On the 7th of .Vugiut all the flowers 
were perforate*!, even those on some few plants of the 
Salvia which grew at a little distance from the great 
bed. On the 21st of .Vngust only a few flowers on the 
summits of the spikes of lioth species remaine*! fresh, 
and notone of these was now lxire«l. Again, in my own 
garden every plant in several rows of the common Isim 
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had many flowers perforated ; but I found three plants 
in separate parts of the garden which had sprung up 
accidentally, and these had not a single flower per- 
forated. General Strachey formerly saw many per- 
forated flowers in a garden in the Himalaya, and he 
wrote to the owner to inquire whether this relation 
lietween the plants growing crowded and their per- 
foration by the bees there held good, and was answered 
in the afiSrmative. Hence it follows that the red 
Vlover (Trifolium praiense) and the common bean when 
cultivated in great masses in fields, — that Erica tetralix 
growing in large numbers on heaths, — rows of the 
scarlet kidney-bean in the kitchen-garden, — and masses 
of any species in the flower-garden, — are all eminently 
liable to be perforated. 

The explanation of this fact is not difficult. Flowers 
growing in large numbers afford a rich booty to the 
Itees, and are conspicuous from a distance. They are 
consequently visited by crowds of these insects, and I 
once counted between twenty and thirty bees flying 
about a bed of Pentstemon. They are thus stimulated 
to work quickly by rivalry, and, what is much more 
important, they find a largo proportion of the flowers, 
as suggested by my son,* with their nectaries sucked 
dry. They thus waste much time in searching many 
empty flowers, and are led to bite the holes, so as 
to find out as quickly as possible whether there is any 
nectar present, and if so, to obtain it. 

Flowers which are partially or wholly sterile unless 
visited by insects in the proper manner, such as 
those of most species of Salvia, of Trifdium praiense, 
Phasedm multiflorus, &c., will fail more or less com- 
j)letely to produce seeds if the bees confine their visits 



* ‘ Nature,* Jan. 8, 1874, p. 189. 



© The Comolete Work of Charles Darwin Online 



Omap. XL PEnrORATION OF THE COROLLA. 



435 



to the perforationa. The perforated flowen of thoae 
■peciea, which are capable of fertiliaiitg themaelTea, will 
yield only aelf-fertiliaed aeeda, and the aeedlinga will 
in conaeqoenoe be leas rigoroua. Therefore all planta 
muat snfTer in aome degree when bees obtain their nectar 
in a felonioua manner by biting holes through the 
corolla ; and many species, it might be thought, would 
thus be exterminate But here, as is so general 
throughout nature, there is a tendency towards a restored 
equilibrium. If a plant sufTers from being perforated, 
fewer individuals will be rearetl, and if its nectar is 
highly important to the bees, these in their turn will 
suffer and decrease in number ; but, what is much more 
effective, as soon aa the plant becomes somewhat 
rare so as not to grow in crowded masses, the bees 
will no longer be stimulated to gnaw holes in the 
flowers, but will enter them in a legitimate manner. 
More seed will then be produced, and the seedlings 
being the product of cross-fertilisation will be vigorous, 
so that the speciea will tend to increase in number, to 
be again checked, as soon as the plant again grows in 
crowded masses. 
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CHAPTER XII. 

Gxkeral REsriTa. 

Crom-fertiliattion proTed to be benefirial, and aeir-fertiliaation in- 
jurioua — Allied species differ greatly in the means by which cmss- 
fertilisation is faTonred and sell-fertUisation avoided — The benefits 
and evils of the two prooesses depend on the degree of differentiation 
in the sexual elements — The evil effects not due to the combination of 
morbid tendencies in the parents — Katnre of the conditions to which 
plants are subjected when growing near together in a state of nature 
or under culture, and- the effects of such conditions— Theoretical 
considerations with respect to tlie interaction of differentiated sexual 
elements— Practical lessons— Genesis of the two sexes— Close corre- 
spondence between the effects of cross-fertilisatinn and self-fertilisa- 
tion, and of the legitimate and illegitimate unions of heteroatyled 
plants, in comparison with hybrid unions. 

The first and most imftortant of the conclusions which 
may be drawn from the observations given in this 
volume, is that cross-fertilisation is generally beneficial, 
and self-fertilisation injurious. This is shown by the 
difierence in height, weight, constitutional vigour, and 
fertility of the offspring from crossed and self-fertilised 
flowers, and in the number of seeds produced by the 
parent-plants. With respect to the second of these two 
proposition.s, namely, that self-fertilisation is generally 
injurious, we have abundant evidence. The structure 
of the flowers in such plants as Lobelia ranwsa, Diffiialis 
purpurea, &c., renders the aid of insects almost indis- 
|>cn8ablo for their fertilisation; and bearing in mind 
the prepotency of pollen from a distinct individual 
over that from the same individual, such plants will 
almost certainly have been crossed during many or 
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all previous generations. So it must be, owing merely 
to the prepotency of foreign pollen, with cabbagM 
and various other plants, the varieties of which almost 
invariably intercross when grown together. The same 
inference may be drawn still more surely with respect 
to those plants, such us Reseda and Eschscholtzia, 
which are sterile with their own pollen, but fertile 
with that from any other individual. These several 
plants must therefore have been crossed during a long 
reries of previous generations, and the artificial crosses 
in my experiments cannot have increased the vigour of 
the offspring beyond that of their progenitors. There- 
fore the difference between the self-fertilised and crossetl 
plante raised by me cannot be attributed to the supe- 
riority of the crossed, but to the inferiority of the 
self-fertilised seedlings, due to the injurious effecU of 
self-fertilisation. 

\\ itli respect to the first proposition, namely, that 
cross-fertilisation is generally Ismeficial, we likewise 
have excellent evidence. Plants of I pomcua were inter- 
crossed for nine successive generations ; they were then 
again intercrossed, and at the same time crossed with a 
plant of a fresh stock, that is, one brought from nnothor 
garden ; and the offspring of this latter cross were to 
the intercrossed planU in height as 100 to 78, and in 
fertility as 100 to 51. An analogous ex|K‘riment with 
Eschscholtzia gave a similar result, as fur as fertility 
was concerned. In neither of these cases were any of 
the plants the product of self-fertilisation. I'lants of 
Dianthus were self-fertilised for three generations, and 
this no doubt was injurious ; but when these planU 
were fertilised by a fresh stock and by intercroesed 
planU of the same stock, there was a great difference 
in fertility between the two sets of seedlings, and some 
difference in their height. I’etunia offers a nearly 
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parallel case. Witk various other plants, the wonderful 
effects of a cross with a fresh stock may be seen in 
Table C. Several accounts have also been published* 
of the extraordinary growth of seedlings from a cross 
between two varieties of the same species, some of which 
are known never to fertilise themselves ; so that here 
neither self-fertilisation nor relationship even in a 
remote degree can have come into play. We may 
therefore conclude that the above two propositions are 
true, — that cross-fertilisation is generally beneficial 
and self-fertilisation injurious to the offspring. 

That certain plants, for instance, Viola tricolor, 
DiffitaUs purpurea, Sarothamnus scoparius. Cyclamen 
pergieum, &c., which have been naturally cross-fertilised 
for many or all previous generations, should suffer to 
an extreme degree from a single act of self-fertilisation 
is a most surprising fact. Nothing of the kind has 
been observed in our domestic animals ; but then we 
must remember that the closest possible interbreeding 
with such animals, that is, between brothers and sisters, 
cannot be considered as nearly so close a union as that 
between the pollen and ovules of the same flower. 
Whether the evil from self-fertilisation goes on in- 
creasing during successive generations is not as yet 
known ; but we may infer from my experiments that 
the increase if any is far from rapid. After plants have 
been propagated by self-fertilisation for several genera- 
tions, a single cross with a fresh stock restores their 
pristine vigour; and we have a strictly analogous 
result with our domestic animals, t The good effects 
of cross-fertilisation are transmitted by plants to the 
next generation ; and judging from the varieties of 

• See ‘ Variation under Do- f Ibid. oh. xix. 2nd edit. vol. 
meetiration,’ ch. xix. 2nd edit. vol. U. p. 159. 
ii. p. 159. 
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the common pea, to many •ucecedinp penerationa. But 
this mar merely be that crossed plants of the first 
generation are extremely rigorons, and transmit their 
rigour, like any other character, to their siicceasors. 

NotwitliHt4inding the eril whicli many plants suffer 
from self-fertilisation, tliey can be thus pro]iagated 
under faronrable conditions for many generations, as 
shown by some of my experiments, and more especially 
by the surriral during at least half a century of the 
same varieties of the common pea and sweet-pea. The 
same conclusion probably holds good with several other 
exotic plants, which are never or most rarely cross- 
fertilised in this country. But all these plants, as far 
as they have been tried, profit greatly by a cross with 
a fresh stuck. Some few plants, for instance, OpArys 
api/era, have almost certainly been pro|)agatcd in a 
state of nature for thousands of generations without 
liaving been once intercross<si; and whether they would 
profit by a cross with a fresh stock is not known. But 
such cases ought not to make ns doubt that as a general 
rule crossing is beneficial, any more than the existcnci* 
of plants which, in a state of nature, are jiropagated 
exclusively by rhizomes, stolons, &c.* (their flowers 
never producing seeds), should make us doubt that 
seminal generation must have some great advantage, 
as it is the common plan followed by nature. Whether 
any species has been reproduced asexually from a very 
remote period cannot, of course, bo ascertained. Our 
sole means for forming any judgment on this head is 
the duration of the varieties of our fruit trees which 
have been long propagated by grafts nr buds. Andrew 
Knight formerly maintained that under these circum- 
stances they always become weakly, but this conclusion 

* I have Rivrn •ovurat raava In tlnn,’ oil. zvlii. 2iiil edit. ml. iL 
m; ‘ Variation under UonmUra- p 1S2. 
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has been warmly disputed by others. A reeent and 
competent judge, Prof. Asa Gray,* leans to the side 
of Andrew Knight, which seems to me, from such 
evidence as I have been able to collect, the more 
probable view, notwithstanding many opposed facts. 

The means for favouring cross-fertilisation and pre- 
venting self-fertilisation, or conversely for favouring 
self-fertilisation and preventing to a certain extent 
cross-fertilisation, are wonderfully diversified; and it 
is remarkable that these differ widely in closely allied 
plants,t — in the species of the same genus, and some- 
times in the individuals of the same species. It is 
not rare to find hermaphrodite plants and others 
with separated sexes within the same genus ; and it is 
common to find some of the species dichogamous and 
others maturing their sexual elements simultaneously. 
The dichogamous genus Saxifraga contains proter- 
androus and proterogynous species, t Several genera 
include both heterostyled (dimorphic or trimorphic 
forms) and homostyled species. Ophrys oflers a 
remarkable instance of one species having its structure 
manifestly adapted for self-fertilisation, and other 
species as manifestly adapted for cross-fertilisation. 
Some con-generic species are quite sterile and others 
quite fertile with their own pollen. From these several 
causes we often find within the same genus species 
which do not produce seeds, while others produce an 
abundance, when insects are excluded. Some species 
bear cleistogene flowers which cannot be crossed, as 
well as perfect flowers, whilst others in the s»ime genus 



* * Darwinixiia: Essays and 

Revioa a |M.-rtaiiiiui; to Darwiniaui,’ 
1870, p. !WS. 

t Hildebrand hag inaigted 
atrongly to ihU effect in hia 
valuable obaerratiuns on the fet- 



tlliauti"nor the Graminean : ‘Mo- 
iiiitahtricht K. Akad. Uerlin,’ Oct. 
1872. p. 70S. 

; Dr. Kiigler, ‘ BoL Zeitung,* 
1868, p. 83.S. 



© The Comolete Work of Charles Darwin Online 



Cmai-. XII. 



OEMERAI. HESDLTS. 



441 



never produce cleiatogene flower*. Some species exist 
under two forms, the one bewring conspicuous flowers 
adspted for cross-fertilisation, the other bearing in- 
conspicuous flowers adapted for self-fertilistion, whilst 
other species in the same genus present only a single 
form. Even with the individuals of the some species, 
the deg^ree of self-sterility varies greatly, as in Iteseda. 
With (tolygamous plants, the distribution of the sexes 
diflers in the individuals of the same species. The rela- 
tive period at which the sexual elements in the some 
flower arc mature, diflers in the varieties of Pelar- 
gonium ; and Carriero gives several cases,* showing 
that the period varies according to the temperature to 
which the plants are exposed. 

This extraordinary diversity in the means for 
favouring or preventing cross- and self-fertilisation in 
closely allied forms, probably depends on the results 
of both processes bein;: highly beneficial to the S])ccie8, 
but directly opposed in many ways to one another and 
dependent on variable conditions, lielf-fertilisation 
assures the production of a large supply of seeds ; and 
the necessity or advantage of this will be determined 
by the average length of life of the plant, which largely 
depends on the amount of destruction suflered by the 
seeds and seedlings. This destruction follows from 
the most various and variable causes, such as the 
presence of animals of several kinds, and the growth 
of surrounding ])iunts. The possibility of cross-fertili- 
sation dejK'nds mainly on the presence and numl>er 
of certain insects, often of insects belonging to special 
grou]is, and on the degree to which they arc attracted 
to the flowers of any ]«rticular species in preference to 
other flowers, — all circumstances likely to change. 



* • Dc* t 18 (iS, p. sa 
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Moreover, the advantages which follow from cross- 
fertilisation differ much in different plants, so that it 
is probable that allied plants would often profit in 
different degrees by cross-fertilisation. Under these 
extremely complex and fluctuating conditions, with 
two somewhat opposed ends to be gained, namely, the 
safe propagation of the species and the production of 
cross-fertilised, vigorous offspring, it is not surprising 
that allied forms should exhibit an extreme diversity 
in the means which favour either end. If, as there is 
reason to suspect, self-fertilisation is in some respects 
beneficial, although more than counterbalanced by the 
advantages derived from a cross with a fresh stock, the 
problem becomes still more complicated. 

As I only twice experimented on more than a single 
species in a genus, I cannot say whether the crossed 
offspring of the several species within the same genus 
differ in their degree of superiority over their self- 
fertilised brethren ; but I should expect that this 
would often prove to be the case from what was 
observed with the two species of Lobelia and with the 
individuals of the same species of Nicotiana. The 
species belonging to distinct genera in the same family 
certainly differ in this respect. The effects of cross- 
and self- fertilisation may be confined either to the 
growth or to the fertility of the offspring, but generally 
extends to both qualities. There does not seem to 
exist any close correspondence between the degree to 
which the flowers of species are adapted for cross- 
fertilisation, and the degree to which their offspring 
profit by this process ; but wo may easily err on this 
head, as there are two means for ensuring cross-ferti- 
lisation which are not externally perceptible, namely, 
self-sterility and the prepotent fertilising influence of 
pollen from another individual. Lastly, it has been 
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shown in a former chapter that the effect produced by 
cross and self-fertilisation on the fertility of the parent- 
plants does not always correspond with that produced 
on the height, rigour, and fertility of their offspring. 
The same remark applij's to cn>ssed and self-fertilised 
seedlings when these are used as the parent-plants. This 
want of correspondence probably depends, at least in 
part, on the number of seeds produce<l being chiefly 
determined by the number of the pollen-tubes which 
reach the ornles, and this will be gorcmed by the re- 
action between the pollen and the stigmatic secretion 
or tissues; whereas the growth and constitutional vigour 
of the offspring will be chiefly determined, not only by 
the number of pollen-tubes reaching the ovules, but by 
the nature of the reaction between the contents of the 
pollen-grains and ovules. 

There are two other important conclusions which 
may be deduced from my ob^rvations : firstly, that the 
advantages of cross-fertilisation do not follow from 
some mysteriods virtue in the mere union of two 
distinct individuals, but from such individuals having 
been subjected during previous generations to dif- 
ferent conditions, or to their having varied in a manner 
commonly called spontaneous, so that in either case 
their sexual elements have been in some degree differ- 
entiated. And secondly, that the injury from self- 
fertilisation follows from the want of such differentia- 
tiou in the sexual elements. These two propositions 
are fully established by my experiments. Thus, when 
plants of the Ipomcea an<l of the Mimulus, which had 
been self-fertilised for the seven previous generations 
and had been kept all the time under the same condi- 
tions, were intercrossed one with another, the offspring 
did not profit in the least by the cross. 3[imuliu 
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offers another instructive case, showing that the 
benefit of a cross de])cnds on the previous treatment 
of the progenitors: plants which had been self-fer- 
tilised for the eight previous generations were crossed 
with plants which had been intercrossed for the sjime 
number of generations, all having been kept under 
the same conditions as fur a.s possible seedlings from 
this cross were grown in competition with others 
derived from the same self-fertilised mother-plant 
crossed by a fresh stock ; and the latter seedlings were 
to the former in height as 100 to 52, and in fertility 
as 100 to 4. An exactly parallel experiment was 
tried on Dianthus, with this difference, that the plants 
had been self-fertilised only for the three previous gene- 
rations, and the result was similar though not so strongly 
marked. The foregoing two cases of the offspring of 
Ipomoea and Eschscholtzia, derived from a cross with a 
fresh stock, being as much superior to the intercrossed 
plants of the old stock, as these latter were to the self- 
fertilised offspring, strongly supix>rts the same conclu- 
sion. A cross with a fresh stock or with another variety 
seems to bo always highly beneficial, whether or 
not the mother-plants have been intercrossed or self- 
fertilised for several previous generations. The fact 
that a cross between two fiowers on the same plant 
does no good or very little good, is likewise a strong 
corroboration of our conclusion ; for the sexual 
elements in the flowers on the S4une plant can rarely 
have been differentiated, though tliis is possible, as 
flower-buds are in one sense distinct individuals, 
sometimes varying and differing from one another in 
structure or constitution. Thus the pro|K>sition that 
the benefit from cross-fertilisation dei^ends on the 
plants which are crossed having been subjected during 
previous generations to somewhat difl’erent conditions, 
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or to their having varied from some unknown cause as 
if they had been thus subjected, is securely fortified on 
all sides. 

Before proceeding any further, the view which has 
been maintained by several physiologists must be 
noticed, namely, that all the evils from breeding 
animals too closely, and no doubt, as they would say, 
from the self-fertilisation of plants, is the result of the 
increase of some morbid tendency or weakness of consti- 
tution common to the closely related parents, or to 
the two sexes of hermaphrodite plants. Undoubtwlly 
injury has often thus resulted; but it is a vain 
attempt to extend this view to the numerous cases 
given in my Tables. It should be remembered that the 
sitmo mother-plant was both self-fertilised and crosse<l, 
so that if she had been unhealthy she would have 
transmitted half her morbid tendencies to her crossed 
offspring. But plants appearing perfectly healthy, 
some of them growing wild, or the imme<liate offspring 
of wild plants, or vigorous common garden-plants, were 
selected for experiment. Considering the number of 
species which were tried, it is nothing less than absurd 
to suppose that in all these cases the mother-plants, 
though not appearing in any way diseased, were weak 
or unhealthy in so peculiar a manner that their sidf- 
fertilise<i seedlings, many hundre<ls in number, wen- 
rendered inferior in height, weight, constitutional 
vigour, and fertility to their crossed offspring. More- 
over, this belief cannot bo extend«*<l to the strongly 
marked advantages which invariably follow, as far 
my experience serves, from intercrossing the indivi- 
duals of the same variety or of distinct varieties, if 
these have been subjected during some generations to 
different conditions. 
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It is obvious that the exposure of two sets of plants 
during several generations to different conditions can 
lead to no beneficial results, as far as crossing is con- 
cerned, unless their sexual elements are thus affected. 
That every organism is acted on to a certain extent by 
a change in its environment, will not, I presume, be 
disputed. It is hardly necessary to advance evidence 
on this head ; we can perceive the difference between 
individual plants of the same species which have 
grown in somewhat more shady or sunny, dry or damp 
places. Plants which have been propagated for some 
generations under different climates or at different 
seasons of the year transmit different constitutions to 
their seedlings. Under such circumstances, the che- 
mical constitution of their fluids and the nature of 
their tissues are often modified.* Many other such 
facts could be adduced. In short, every alteration in 
the function of a part is probably connected with some 
corresponding, though often quite imperceptible change 
in structure or composition. 

Whatever affects an organism in any way, likewise 
tends to act on its sexual elements. We see this in the 
inheritance of newly acquired modifications, such as 
those from the increased use or disuse of a part, and 
even from mutilations if followed by disease.f We 
have abundant evidence how susceptible the repro- 
ductive system is to changed conditions, in the many 
instances of animals rendered sterile by confinement ; 
so that they will not unite, or if they unite do not 



. * Numproug oiiestngctlier with 
refcronceg are piTcn In my ‘Vari- 
ation under Ikimeatication,’ eh. 
xxiii. 2nd edit voL it p. 26t. 
With reapret to animalg. Mr. 
Bravkenridgo has well ahown 
(‘ A Contribution to the Theory of 
DiatheaU,’ Edinburgh, IStlS) that 



the different organa of animala 
are exeited into different degrees 
of activity by differences of tempe- 
rature and food, and become to a 
certain extent adapted to them. 

t ‘Variation umler Domcalicn- 
tion.’ ch. lU. 2nd edit. toI. i. 
p. 4CC. 
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produce offspring, though the confinement may be far 
from close ; and of plants rendered sterile by culti- 
vation. But hardly any cases afford more striking 
evidence how powerfully a change in the conditions of 
life acts on the sexual elements, than those already 
given, of plants which are completely self-sterile in 
one country, and when brought to another, yield, even 
in the first generation, a fair supply of self-fertilised 
see<ls. 

But it may be said, granting that changed conditions 
act on the sexual elements, how can two or more 
plants growing close together, either in their native 
country or in a garden, be differently acted on, inasmuch 
as they appear to be exposed to exactly the same 
conditions ? Although this question has been already 
considered, it deserves further considenition under 
several points of view. In my experiments with 
Digitalis purpurea, some flowers on a wild plant were 
self-fertilised, and others were crossed with pollen 
from another plant growing within two or three feet’s 
distance. The cross^ and self-fertilised plants raised 
from the seeds thus obtained, produced flower-stems 
in number as 100 to 47, and in average height as 100 
to 70. Therefore the cross between these two plants 
was highly beneficial ; but how could their sexual 
elements have been differentiated by exposure to 
different conditions? If the progenitors of the two 
plants had lived on the same spot during the last 
score of generations, and had never been crossed with 
any plant beyond the distance of a few feet, in all 
probability their offspring would have been reduced to' 
the same state as some of the plants in my experiments, 
— such as the intercrossed plants of the ninth genera- 
tion of Ipomcea, — or the self-fertilised plants of the 
eighth generation of Mimulus, — or the offspring from 
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flowers on the same plant, — and in this case a cross 
between the two plants of Digitalis would have done 
no good. But seeds are often widely dispersed by 
natural means, and one of the above two plants or 
one of their ancestors may have come from a distance, 
from a more shady or sunny, dry or moist place, or from 
a different kind of soil containing other organic or 
inorganic matter. We know from the admirable 
researches of Messrs. Lawes and Gilbert* that different 
plants require and consume very different amounts of 
inorganic matter. But the amount in the soil would 
probably not make so great a difference to the several 
individuals of any particular species as might at first 
be expected ; for the surrounding species with 
different requirements would tend, from existing in 
greater or lesser numbers, to keep each species in a 
sort of equilibrium, with respect to what it coidd obtain 
from the soil. So it would be even with respect to 
moisture during dry seasons ; and how powerful is the 
influence of a little more or less moisture in the soil 
on the presence and distribution of plants, is often 
well shown in old pasture fields which still retain 
traces of former ridges and furrows. Nevertheless, as 
the proportional numbers of the surrounding plants in 
two neighbouring places is rarely exactly the same, the 
individuals of the sjimo siiecies will bo subjected to 
somewhat different conditions with respect to what they 
can absorb from the soil. It is surprising how the free 
growth of one set of plants affects others growing 
mingled with them ; I allowed the plants on rather 
more than a square yard of turf which had been closely 
mown for several years, to grow up ; and nine sjKxiies 

• ' Journal of the Royal Agricultural Soc. of England,' vol. xxiv. 
part i. 
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out of twenty were thus extenninated ; but whether 
this was altogether due to the kinds which grew up 
robbing the others of nutriment, I do not know. 

8eetls often lie dormant for sereral years in the 
ground, and germinate when brought near the surface 
by any means, as by burrowing animals. They would 
probably be affecUKl by the mere circumstance of having 
long lain dormant; for gardeners believe that the 
production of double flowers and of fruit is thus in- 
fluenceil. Seeds, moreover, which were matured during 
diflereiit seasons, will have been subjected during the 
whole course of their development to different degrees 
of heat and moisture. 

It was shown in the last chapter that pollen is often 
carried by insects to a considerable distance from 
plant to plant. Therefore one of the parents or 
ancestors of our two plants of IJigitalis may have been 
crossed by a distant plant growing under somewhat 
different conditions. Plants thus crossed often pro- 
duce an unusually large numiter of seeds ; a striking 
instance of this fact is afforded by the Bignonia, pre- 
viously mentioneil, which was fertilised by Fritz ^Inller 
with ]H)llon from some adjoining plants and set hardly 
any seed, but when fertilised with pollen from a dis- 
tant plant, was highly fertile. Seedlings from a cross 
of this kind grow with great vigour, and transmit their 
vigour to their descendants. These, therefore, in the 
struggle for life, will generally beat and exterminate 
the seedlings fn>m plants which have long grown near 
together under the same conditions, and will thus tend 
to spread. 

When two varieties which present well-marked 
differences are crossed, their descendants in the later 
generations differ greatly from one another in ex- 
ternal characters; and this is due to the augmentation 



450 



GENERAL RESULTS. 



Chap. XII. 



or obliteration of some of these characters, and to 
the reappearance of former ones through reversion; 
and so it will be, as wo may feel almost sure, with any 
slight diflerences in the constitution of their sexual 
elements. Anyhow, my experiments indicate that 
(irossing plants which have been long subjected to 
almost though not quite the same conditions, is the 
most powerful of all the means for retaining some 
degree of differentiation in the sexual elements, as 
shown by the superiority in the later generations of the 
intercrossed over the self-fertilised seedlings. Never- 
theless, the continued intercrossing of plants thus 
treated does tend to obliterate such differentiation, as 
may be inferred from the lessened benefit derived from 
intercrossing such plants, in comparison with that from 
a cross with a fresh stock. It seems probable, as I may 
add, that seeds have acquired their endless curious 
adaptations for wide dissemination,* not only that the 
seedlings should thus be enabled to find new and fitting 
homes, but that the individuals which have been long 
subjected to the same conditions should occasionally 
intercross with a fresh stock. 

From the foregoing several considerations we may, 
I think, conclude that in the above case of the Digitalis, 
and even in that of plants which have grown for 
thousands of generations in the same district, as must 
often have occurred with species having a much 
restricted range, we are apt to over-estimate the 
degree to which the individuals have been subjected 
to absolutely the same conditions. There is at least 
no difficulty in believing that such plants have been 
subjected to sufficiently distinct conditions to differ- 
entiate their sexual elements ; for we know that a plant 

• Bee Prof Hildebrand’s excellent treatise, ‘ Verbieitungsmittel dcr 
Pllaueen,' 1873. 
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propagatiHl for aomo pi>nentions in anuthpr garden in 
the aame district senrca as a fresh stork and has high 
fertilising ptiwers. The cnrions cases of plants which 
(»n fertilise and be fcrtilise«l bj any other individual 
of the same species, but nnt altogether sterile with their 
own ]iollcn, become intelligible, if the view hero pro- 
|N>unded is correct, namely, that the individuals of the 
same s|iecies growing in a state of nature nea^ together, 
have not really been subjected during several previous 
generations to quite the same conditions. 

Kome nntumlists assume that there is an innate 
t«*nilency in all beings to vary and to advanee in 
organisation, independently of exU*mal agencies ; ami 
they would, I presume, thus explain the slight 
diflferenees which distinguish all the individuals of the 
same species both in external characters and in con- 
stitution, 08 well as the greater differences in l)oth 
nrsjHM-ts Iwtwi'cn nearly allied varieties. Xo two 
individuals can be found quite alike ; thus if we sow a 
number of seeds from the same capsule under as nearly 
as possible the same conditions, they germinate at 
different rates and grow more or less vigorously. They 
resist cold anil other unfavourable conditions differently. 
They would in all probability, as we know to be the 
case with animals of the same species, be somewhat 
differently acted on by the aame poison, or by the same 
disease. They have different jKjwers* of transmitting 
their characters to their offspring ; and many analogous 
facts could bo given. Now, if it wen< true that 
plants growing near together in a state of nature ha<l 
been subjected during many previons generations to 
absolutely the same conditions,snch differences as those 
just speciBud would be quite inexplicable; but they 

• VUm'irin, M qontnt bj Vvrlot, ‘ Dw VsrWl^' pp. 31 M, 3*. 
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are to a certain extent intelligible in accordance with 
the views just advanced. 

As most of the plants on which I experimented 
were grown in my garden or in pots nnder glass, a few 
words must be added on the conditions to which they 
were exjiosed, as well us on the eflects of cultivation. 
When a species is first brought under culture, it may 
or may not be subjected to a change of climate, but it 
is always grown in ground broken up, and more or less 
manured ; it is also saved from competition with other 
plants. The paramount importance of this latter 
circumstance is proved by the multitude of species 
which flourish and multiply in a garden, but cannot 
exist unless they are protected from other plants. 
When thus saved from competition they are able to 
get whatever they require from the soil, proljably. 
often in excess ; and they are thus subjected to a great 
change of conditions. It is probably in chief part 
owing to this cause that all plants with rare excep- 
tions vary after being cultivated for some generations. 
The individuals which have already begun to vary 
will intercross one with another by the aid of insects ; 
and this accounts for the extreme diversity of character 
which many of our long cultivated plants exhibit. 
But it should be observed that the result will be 
largely determined by the degree of their variability 
and by the frequency of the intercrosses ; for if a j)lant 
varies very little, like most species in a state of nature, 
frequent intercrosses tend to give uniformity of 
character to it. 

I have attempted to show that with plants growing 
naturally in the same district, except in the unusu^ 
case of each individual being surrounded by exactly 
the same prujxjrtional numbers of other species having 
certain powers of absorption, each will be subjected to 
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slifihtly diff*«rpnt conditions. This docs not apply to 
the individuals of the same species when cultivate*! in 
cleared ground in the same garden. lint if their 
flowers are visited by insects, they will intercross ; and 
this will give to their sexual elements <luring a 
eonsidorablo number of generations a sufficient amount 
of differentiation for a cross to be beneficial. More- 
over, seeds are frequently exchanged or procured fmm 
other ganlens having a different kind of soil ; and the 
individuals of the same cultivated species will thus be 
subjected to a change of conditions. If the flowers are 
not visited by our native insects, t»r very rarely so, 
as in the case of the common and sweet pea, and 
apparently in that of the tobacco when kept in a 
hothouse, any differentiation in the sexual elements 
caused by intercrosses will tend to disappear. This 
appears to have occurred witli the plants just 
meutione<l, for they were not beiu'fite*! by being 
crossed one with another, though they were greatly 
benefited by a cross with a fresh stock. 

I have been le«l to the views just advanced with 
respect to the causes of the diffen-ntiation of the sexual 
elements and of the variability of our garilen plants, 
by the results of my various experiments, and more 
especially by the four cases in which extremely incon- 
stant species, after having been self-fertilised an<l 
grown under closely similar conditions for several 
generations, pitxluced flowers of a uniform and constant 
tint. These conditions wore nearly the same as those 
to which plants, growing in a garden clear of wee*ls, 
are snbjecte*!, if they are propagated by self-fertilised 
seeds on the same spot. The plants in pots were, 
however, exposed to less severe fluctuations of clirnat*' 
than those out of d(M)rs ; but their conditions, though 
closely uniform for all the individuals of the same 



© The ComDiete Work of Charles Darwin Online 



454 GENERAL RESULTS. Chap. XII. 

generation, differed somewhat in the successive gene- 
rations. Xow, under these circumstances, the sexual 
elements of the plants which were intercrossed in each 
generation retained sufficient differentiation during 
several years for their offspring to be superior to 
the self-fertilised, but this superiority gradually and 
manifestly decreased, as was shown by the difference 
in the result between a cross with one of the inter- 
crossed plants and with a fresh stock. These inter- 
crossed plants tended also in a few cases to become 
somewhat more uniform in some of their external cha- 
racters than they were at first. With resj)ect to the 
plants which were self-fertilised in each generation, 
their sexual elements apjmrently lost, after some years, 
all differentiation, for a cross between them did no 
more goo<l than a cross between the flowers on the 
same plant. But it is a still more remarkable fact, that 
although the seedlings of Mimulus, I{>oma3a, Dianthus, 
and Petunia which were first raised, varied excessively in 
the colour of their flowers, their offspring, after being 
self-fertilised and grown under uniform conditions for 
some generations, bore flowers almost as uniform in 
tint as those on a natural s[)ecics. In one case also 
the plants themselves became remarkably uniform in 
height. 

The conclusion that the advantages of a cross 
depend altogether on the differentiation of the sexual 
elements, harmonises perfectly with the fact that an 
occasional and slight change in the conditions of life 
is beneficial to all plants and animals.* But the 
offspring from a cross between organisms which have 
l>een exposed to different conditions, profit in an in- 
comparably higher degree than do young or old beings 

• I have given suBicient evi- aliim under Domestication,’ ch. 
dence on this bead in uiy ‘ Vari- xviii. vol. it 2nd edit. p. 127. 
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from a mere change in their conditiong. In this 
latter case we never see anjrthing like the effect 
which generally follows from a cross with another 
indiriclnal, especially from a cross with a fresh stock. 
This might, pi^hajM, have been exi)ccted, for the 
blending together of the sexual elements of two dif- 
ferentiated beings will affect the whole constitution at 
a very early period of life, whilst the organisation is 
highly flexible. We have, moreover, reason to believe 
that changed conditions generally act differently on 
the several |Mirts or organs of the same individual ;• 
and if we may further ladieve that these now slightly 
differentiated parts react on one another, the harmonv 
between the Wneficial effects on the individnal due to 
changed conditions, and those due to the interaction of 
differentiated sexual elements, becomes still closer. 

That wonderfully accurate observer, Sprengel, who 
first showed how important a part insects play in the 
fertilisation of flowers, called his book ‘ The Secret 
of Nature Displayed;’ yet he only occasionally saw 
that the object for which so many curious and iNMuitiful 
adaptations have been acquired, was the cross-fertilisa- 
tion of distinct plants ; and ho knew nothing of the 
benefits which the offspring thus receive in growth, 
vigour, and fertility. But the veil of secrecy is as 
yet far from lifted ; nor will it be, until we can say 
why it is beneficial that the sexual elements should 
Iw differentiated to a certain extent, and why, if the 
differentiation bo carried still further, injury follows. 
It is an extraonlinary fact that with many species, 
flowers fertilis'd with their own pollen are either 
alsiolutoly or in some degree sterile ; if fertilised with 
Soo, for iiutunoot Bruckbtirldgc, * Tlivory of DiatliotU,’ EcUuburgli, 
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pollen from another flower on the same plant, they are 
sometimes, though rarely, a little more fertile; if 
fertilised with jwllen from another individual or variety 
of the same species, they are fully fertile ; but if 
with pollen from a distinct species, they are sterile 
in all iwssiblo degrees, until utter sterility is reached. 
We thus have a long series with absolute sterility at 
the two ends ; — at one end due to the sexual elements 
not having been sufficiently differentiate*!, and at the 
other end to their haviug been diflerentiated in too 
great a degree, or in some peculiar manner. 

The fertilisation of one of the higher plants depends, 
in the first place, on the mutual action of the pollen- 
grains and the stigmatic secretion or tissues, and after- 
wards on the mutual action of the contents of the 
pollen-grains and ovules. Both actions, judging from 
the increased fertility of the parent-plants and from the 
increased powers of growth in the offspring, are favoured 
by some degree of differentiation in the elements 
which interact and unite so as to form a new being. 
Here we have some analogy with chemical affinity or 
attraction, which comes into play only between atoms 
or molecules of a different nature. As Prof. Miller 
remarks: “Generally speaking, the greater the dif- 
ference in the prt)perties of two bodies, the more intense 
is their tendency to mutual chemical action. . . . But 
between bodies of a similar character the tendency to 
unite is feeble.”* This latter proj)osition accords well 
with the feeble effeets of a plant’s own pollen on the 
fertility of the mother-plant and on the growth of the 
offspring ; ami the former proposition accords well w ith 
the powerful influence in ^th ways of pollen from an 

• ‘ KIrments of Clicmintrjr,’ 4tli view* wiUi re»pcot to chemical 
edit. 18G7, part i. p. 11. Dr. nffliiity are genvrully accepted by 
Fronltlund inlurma me that aimilar choiuiata. 
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individual which has been differentiated by exposure 
to changed conditions, or by so-called s]tontanoous 
variation. Hut the analogy fails when we turn to the 
negative or weak effects of pdicn fn)m one species on 
a ilistinct s{)ecios ; for although some substances which 
are extremely dissimilar, for instance, carlsm and 
chlorine, have a very feeble affinity for each other, 
yet it cannot be said that the weakness of the affinity 
de|iends in such cases on the extent to which the 
substances differ. It is not known why a certain 
amount of differentiation is necessary or favourable 
for tlie chemical affinity or union of two siibstiinees, 
any more than for the fertilisation or union of two 
organisms. 

Mr. Herbert Spencer has disenssed this whole subject 
at great length, and after stating that all the forces 
throughout nature tend towards an equilibrium, 
remarks, “ that the need of this union of sprm- 
cell and germ-cell is the need fur overthrowing this 
equilibrium and re-establishing active molecular 
change in the detached germ — a result which is 
probably effecte<l by mixing the slightly-<lifferent 
physiological units of slightly-different individuals." * 
Hut we must not allow this highly generalise*! view, or 
the analogy of chemical affinity, to conceal from us 
our ignorance. We do not know what is the nature or 
ilegree of the <liffcrentiation in the sexual elements 
which is favourable for union, and what is injurious for 
union, as in the cose of distinct species. Wo cannot 

* ‘ Principles of Bioloar.’ w-I. i. ehsnges in the ceoditiona and 
p. S74, 18W. In mj 'Unxin rf fhsn dosrin* widely disUnet fonns 
species,’ published in ISiS. 1 (be., speeiea;, as a series of farts 
spoke of the pml effects from “ conweted togetlier by some 
slight obsngva in the oundition of common bat unknown bond, 
life and from oroM-fertilisation, which is essenlislly reUtiHl to 
and of the evil etfects from great the principle of life.” 
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say why the individuals of certain species profit preatly, 
and others very little by being crossed. There are some 
few S{)ecie8 which have been self-fertilised for a vast 
number of genemtions, and yet are vigorous enough 
to compete successfully with a host of surrounding 
plants. Highly self-fertile varieties sfjmetimes arise 
among plants which have been self-fertilised and 
grown under uniform conditions during several gene- 
rations. We can form no conception why the 
advantage from a cross is sometimes directed exclu- 
sively to the vegetative system, and sometimes to the 
reproductive system, but commonly to both. It is 
equally inconceivable why some individuals of the same 
species should be sterile, whilst others are fully fertile 
with their own pollen ; why a change of climate should 
either lessen or increase the sterility of self-sterile 
species; and why the individuals of some species should 
be even more fertile with pollen from a distinct species 
than with their own pollen. And so it is with many 
other facts, which are so obscure that we stand 
in awe before the mystery of life. 

Under a practical point of view, agriculturists and 
horticulturists may learn something from the conclu- 
sions at which we have arrived. Firstly, we see that 
the injury from the close breeding of animals and 
from the self-fertilisation of plants, does not necessarily 
depend on any tendency to disease or weakness of con- 
stitution common to the related parents, and only 
indirectly on their relationship, in so far as they are 
apt to resemble each other in all respects, including 
their sexual nature. And, secondly, that the advantages 
of cross-fertilisation depend on the sexual elements of 
the parents having become in some degree differentiated 
by tlie exposure of their progenitors to different 
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o.on(lition8, or from thoir having intoroniMed with 
in<lividaaU thiu exposed, or, laatlr, from what wrc call 
in onr i}n>t>rance 8puntane«>U8 rariatiun. He th<‘refure 
who wishes to pair closely rclate<l animals ought to 
keep them under conditions as difl'ereiit us )M)ssible. 
Koine few breeders, guideil by their keen jxjwers of 
observation, have acted on this principle, and have kept 
stocks of the same animals at two or more distant and 
differently situated farms. They have tlien coupled 
the individuals from these farms with excellent results.* 
This same plan is also iineonseiously followotl whenever 
the males, reared in one place, are let out for pru|Mga- 
tion to breeders in other places. As some kinds of 
plants suffer much more from self-fertilisatim than do 
others, so it probably is with animals from too close 
interbreeding. The effects of close interbreeding on 
animals, judging again from plants, would bo dete- 
rioration in general vigour, including fertility, with no 
iieeHwsary loss of excellence of form ; and this seems 
to bo the usual result. 

It is a common practice with horticulturists to 
obtain weds from another place having a very dif- 
ferent soil, so as to avoid raising ]>lants for a long 
Buecession of generations under the samo conditions ; 
but with all t^ species which freely intercroos by the 
aid of insects or the wind, it would be an iiH»mparably 
better plan to obtain seeds of the required variety, 
which had been raised for some generations under as 
different conditions us iiossible, ami sow tluau in 
alternate rows with seeds matured in the old ganlen. 
The two stocks would then intercross, with a thorough 
blending of their whole organisations, and with no loss 
of purity to the variety ; and this wonld yield far more 

* • Variuliim of Aiiiinola ami xtU. 2nd edit voL U. pp. 98, 105. 
PUoU under OomeeUention,* eh. 
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favouruble results than a mere exchange of seeds. We 
have seen in my experiments how wonderfully the 
offspring profited in height, weight, hanliness, and fer- 
tility, by cn«ses of this kind. For instance, plants of 
IlM)mcea thus crosse<l were to the intercrossed plants 
of tlie same stock, with which they grew in competition, 
as 100 to 78 in height, and ns 100 to 51 in fertility ; 
and plants of Eschscholtzia similarly comjMired were 
as 100 to 45 in fertility. In comparison with self- 
fertilised plants the results are still more striking; 
thus cabbages derived from a cross with a fresh stock 
were to the self-fertilised as 100 to 22 in weight. 

Florists may learn from the four cases which have 
been fully described, that they have the power of fixing 
each fleeting variety of colour, if they will fertilise the 
flowers of the desired kind with their own pollen for 
half-a-dozen generations, and grow the seedlings under 
the same conditions. But a cross with any other in- 
dividual of the same variety must be carefully pre- 
vente<l, as each has its own peculiar constitution. After 
a dozen generations of self-fertilisation, it is probable 
that the new variety would remain constant even if 
grown under somewhat different conditions ; and there 
would no longer be any necessity to guard against inter- 
crosses between the individuals of the same variety. 

With respect to mankind, my son George has en- 
deavoured to discover by a statistical investigation * 
whether the marriages of first cousins are at all in- 
jurious, although this is a degree of relationship 
which would not be objecte<l to in our domestic 
animals ; and he has come to the conclusion from his 
own researches and those of Dr. Mitchell that the 
evidence as to any evil thus caused is conflicting, but 

• ‘ Joumsl of Statiaticul Soc.’ nightlj Boview,’ June 1875. 

Juno 1875, p. 153; und ‘Furt- 
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on the whole points to its beings very small. From the 
/acts given in this volume we may infer that with 
nmnkind the marriages of nearly related persons, some 
of whose parents and ancestors had lived under very 
different conditions, would bo much less injurious tlian 
that of jiersons who had always lived in the stime 
place and followed the same habits of life. Nor can I 
see reason to doubt that the widely different habits of 
life of men and women in civilised nations, esjtecially 
amongst the up|)er classes, would tend to counter- 
balance any evil from marriages between healthy and 
somewhat closely related persons. 

Under a theoretical point of view it is some gain to 
science to know that numlierli'ss structures in her- 
maphrodite plants, and probably in hermaphrodite 
animals, are special adaptations for securing an occa- 
sional cross between two individuals; and tlmt the 
oilvantag<« from such a cross dc|>end altogether on the 
beings which arc united, or their progenitors, having 
had their sexual elements somewhat differentiated, so 
that the embyro is benefited in the same manner os is 
a mature plant or animal by a slight change in its 
conditions of life, although in a much higher degree. 

Another and more im|K>rtaut result may be diHluced 
from my observations. Eggs and seeds are highly 
serviceable as a means of dissemination, but we now 
know that fertile eggs can be produced without the 
aid of the male. There are also many other metluals 
by which organisms can be projMgated asexually. 
Uliy then have the two sexes been develo|ied, and 
why do males exist which cannot themselves produce 
offspring? The answer lies, as I can hardly doubt, in 
the great good which is derived from the fusion of two 
somewhat dilTerentiatcd individuals ; and with the 
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exception of the lowest organisms this is possible only 
by means of the sexual elements, these consisting of 
cells separated from the body, containing the germs of 
every part, and caiMible of being fused completely 
together. 

It has been shown in the present volume that the 
offspring from the union of two distinct individuals, 
especially if their progenitors have been subjected to 
very diflerent conditions, have an immense advantage 
in height, weight, constitutional vigour and fertility 
over the self-fertilised offspring from one of the same 
j)arents. And this fact is amply suflicient to account 
for the development of the sexual elements, that is, for 
the genesis of the two sexes. 

It is a different question why the two sexes are 
sometimes combincnl in the same individual and are 
sometimes sejMirated. As with many of the lowest 
plants and animals the conjugation of two individuals 
which are either quite similar or in some degree dif- 
ferent, is a common phenomenon, it seems probable, 
as remarked in the last chapter, that the sexes were 
primordially separate. The individual which receives 
the contents of the other, may be called the female ; 
and the other, which is often smaller and more loco- 
motive, may be calle<l the male ; though these sexual 
names ought hardly to be applied as long as the 
whole contents of the two forms are blended into one. 
The object gained by the twi> sexes l>ecoming united 
in the same hermaphrodite form probably is to allow 
of occasional or frequent sidf-fertilisation, so ns to 
ensure the prt)iMgntiou of the species, more esjiecially 
in the case of organisms affixed for life to the same 
spot. There does not seem to -be any great difficulty 
in understonding how an organism, formed by the con- 
jugation of two individuals which represented the two 
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incipient sexes, might have given rise by budding first 
to a munoBcions and then to an hermaphnxlitc form ; 
and in the case of animals even without budding to 
an hermaphrodite form, fur the bilateral structure of 
animals pcrha])s indicates that they were aboriginally 
formed by the fusion of two individuals. 

It b a more difficult problem why some plants and 
apparently all the higher animals, after becoming her- 
maphrodites, have since had their sexes re-seporated. 
This 8C|>aration has been attributed by some natural- 
ists to the advantages which follow from a division of 
physiological labour. The principle is intelligible 
when the same organ has to perform at the same time 
diverse functions ; but it b not obvious why the male 
and female glands when placed in different ]mi1s of 
the stime com{)ound or simple individual, should not 
perform their functions equally well as when placed in 
two distinct individuals. In some instances the sexes 
may have been rc-separated for the sake of jireventing 
too fluent self-fertilisation ; but thb explanation 
does not sc'em probable, as the same end might have 
lieen gained by other and simpler means, for instance 
dichogamy. It may bo that the j)roduction of the 
male and female reproductive elements and the 
maturation of the ovules was too great a strain and 
expenditure of vital force for a single individual to 
withstand, if endt»we<l with a highly complex organi- 
sation ; and that at the same time there was no need 
for all the individuals to produce young, and conse- 
(|Uently that no injury, on the contrary, good resulte<l 
from ^If of them, or the males, failing to produce 
offspring. 

Ihere is another subject on which some light is 
thrown by the facts given in this volume, namely, 
hybridisation. It b notorious that when distinct 
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species of plants are crossed, they produce with the 
rarest cxcejrtions fewer seeds than the normal number. 
This unproductiveness varies in different species up to 
sterility so complete that not even an empty capsule 
is formed ; and all experimentalists have found that 
it is much influenceil hy the conditions to which the 
crossed species are subjected. The pollen of each 
species is strongly prejwtent over that of any other 
species, so that if a plant’s own pollen is place<l on 
the stigma some time after foreign pollen has been 
applied to it, any effect from the latter is quite obli- 
terated. It is also notorious that not only the parent 
species, but the hybrids raised from them are more or 
less sterile ; and that their pollen is often in a more 
or less aborted condition. The degree of sterility of 
various hybrids does not always strietly correspond 
with the degree of difficulty in uniting the parent 
forms. When hybrids are capable of breetling hder se, 
their descendants are more or less sterile, and they 
often become still more sterile in the later generations ; 
but then close interbreeding has hitherto been practised 
in all such cases. The more sterile hybrids are some- 
times much dwarfed in stature, and have a feeble con- 
stitution. Other facts could be given, but these will 
suffice for us. Naturalists formerly attributed all these 
results to the difference between species being funda- 
mentally distinct from that between the varieties of 
the same species ; and this is still the venlict of some 
naturalists. 

The results of my experiments in self-fertilising and 
cross-fertilising the individuals or the varieties of the 
same species, are strikingly analogous with those just 
given, though in a reversed manner. With the majority 
of sjMJcies flowers fertilise<l with their own pollen yield 
fewer, sometimes much fewer seeds, than those ferti- 
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Used with ptillen from unothor imlividual or variety. 
Some self-fcrtilisod flowers are absolutely sterile ; but 
the def^ree of their sterility is largely «letermined by 
the conditions to which the parent plants have l>een 
expose<l, as was well exemplified in the case of Es<*h- 
scholtzia and Abntilon. The eflbcts of pollen from tho 
same plant are obliterated by the prepotent influence 
of pollen from another indiviilual or variety, although 
the latU*r may have been placed on the stigma some 
hours afterwanls. Tho offspring from self-fertilised 
flowers are themselves more or hsss sterile, sometimes 
highly sterile, and their pollen is sometimes in an 
imperfect condition ; but I have not met with any (;asi* 
of complete sterility in self-fertilise<l seedlings, as is 
so common with hybrids. Tbe degree of their sterility 
does not corresjtond with that of the parent-plants when 
first self-fertilised. The offspring of self-fertilised 
plants suffer in stature, weight, and constitutional 
vigour more frequently an<l in a greater degree than 
ilo the hybrid offspring of tho greater number of 
croesetl species. Decreased height is transmittc<l to 
the next generation, but I did not ascertain whether 
this apitlies to docrease<l fertility. 

I have elsewhere shown • that by uniting in various 
ways dimorphic or trimorphic heterostyled plants, 
which belong to the same undoubted species, wo get 
another scries of results exactly parallel with thos«- 
from crossing distinct s|»ecies. Plants illegitimaUdy 
fertilised with pollen from a distinct phint belonging 
tn the same form, yield fewer, often much fewer seerls, 
than they do when legitimately fertilise*! with pollen 
from a plant belonging t*i a distinct form. They some- 
times yield no seed, not even an emirty capsule, like 
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H species fertilised with pollen from a distinct genus. 
The degree of sterility is much aifected by the condi- 
tions to which the plants have been subjected.* The 
jKjllen from a distinct form is strongly prepotent over 
that from the same form, although the former may 
have been placed on the stigma many hours afterwards. 
The offspring from a union between plants of the same 
form are more or less sterile, like hybrids, and have 
tlieir pollen in a more or less aborted condition ; and 
some of the seedlings are as barren and as dwarfed as 
the most barren hybrid. They also resemble hybrids in 
several other respects, which need not here bo specified 
in detail, — such as their sterility not corresponding 
in degree with that of the parent plants, — the unequal 
sterility of the latter, when reciprocally united, — 
and the varying sterility of the seedlings raised from 
the same seed-capsule. 

We thus have two grand classes of cases giving results 
which correspond in the most striking manner with 
tliose which follow from the crossing of so-called true 
and distinct species. With respect to the difference 
between seedlings raised from cross and self fertilised 
flowers, there is good evidence that this depends alto- 
gether on whether the sexual elements of the parents 
have been sufficiently differentiated, by exposure to 
different condition or by spontaneous variation. It 
is probjible that nearly the same conclusion may be 
extended to heterostyled plants ; but this is not the 
])roper place for discussing the origin of the long- 
styled, short-styled and mid-styled forms, which all 
belong to the same species as certainly as do the two 
sexes of the sumo species. We have therefore no right* 
to maintain that the sterility of species when first 
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crossed and of their hybrid offspring, is determined by 
some cause fundamentally different from that which 
determines the sterility of the individuals both of 
ordinary and of heterostyled plants when united in 
various ways. Nevertheless, I am aware that it will 
take many years to remove this prejudice. 

There is hardly anything more wonderful in nature 
than the sensitiveness of the sexual elements to external 
influences, and the delicacy of their afiinities. We see 
this in slight changes in the conditions of life being 
favourable to the fertility and vigour of the parents, 
while certain other and not great changes cause them 
to be quite sterile without any apparent injury to their 
health. Wo see how sensitive the sexual elements of 
those plants must be, which are completely sterile with 
their own pollen, but are fertile with that of any other 
individual of the same species. Such plants become 
either more or less self-sterile if subjected to changed 
conditions, although the change may be far from great. 
The ovules of a heterostyled trimorphic plant are 
affected very differently by pollen from the three sets 
of stamens belonging to the same species. With 
ordinary plants the pollen of another variety or merely 
of another individual of the same variety is often strongly 
prepotent over its own pollen, when both are placetl 
at the same time on the same stigma. In those great 
families of plants containing many thousand allie<l 
species, the stigma of each distinguishes with unerr- 
ing certainty its own pollen from that of ever)' 
other species. 

There can be no doubt that the sterility of dis- 
tinct species when first crossed, and of their hybrid 
offspring, depends exclusively on the nature or afli- 
nities of their sexual elements. We see this in the 
want of any close correspondence between the degree 
2 H 2 
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of sterility and the amount of external difference in the 
species which are crossed ; and still more clearly in the 
wide difference in the results of crossing reciprocally 
the same two species; — that is, when species A is 
crossed with pollen from B, and then B is crossed with 
pollen from A. Bearing in mind what has just been 
said on the extreme sensitiveness and delicate affinities 
of the reproductive system, why should we feel any 
surprise at the sexual elements of those forms, which 
we call species, having been differentiated in such a 
manner that they are incapable or only feebly capable 
of acting on one another ? We know that species have 
generally lived under the same conditions, and have 
retained their own proper characters, for a much longer 
period than varieties. Long-continued domestication 
eliminates, as I have shown in my ‘Variation under 
Domestication,’ the mutual sterility which distinct 
species lately taken from a state of nature almost always 
exhibit when intercrossed; and we can thus understand 
the fact that the most different domestic races of animals 
are not mutually sterile. But whether this holds good 
with cultivated varieties of plants is not known, though 
some facts indicate that it does. The elimination of 
sterility through long-continued domestication may 
probably be attributed to the varying conditions to 
which our domestic animals have been subjected ; and 
no doubt it is owing to this same cause that they with- 
stand great and sudden changes in their conditions of 
life with far less loss of fertility than do natural species. 
From these several considerations it appears probable 
that tlio difference in the affinities of the sexual 
elements of distinct species, on which their mutual 
incapacity for breeding together depends, is caused by 
their having been habituated for a very long period 
each to its own conditions, and to the sexual elements 
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having thus acquired firmly fixed affinities. However 
this may be, with the two great classes of coses before 
us, namely, those relating to the self-fertilisation and 
cross-fertilisation of the individuals of the same species, 
and those relating to the illegitimate and legitimate 
unions of heterostyled plants, it is quite unjustifiable to 
assiune that the sterility of species when first crossed 
and of their hybrid offspring, indicates that they 
differ in some fundamental manner from the varieties 
or individuals of the same species. 
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Abutihn darwinii, self- sterile in 
Brazil. 3.13. 358: moderatelv »«it- 
fertile in England, 314; fcrtiliacU 
by birds. 371 

' — 'i uphscroeephala, 401 



.lea 



e. 9 « 



Aeonitum napellut, 428 
Adlumia cirrhota, 300 
.IdoRM x»Utuli», 128 ; measure- 
ments. 128; relative beiglita of 
crossed and self-fertilised plants, 
277 ; self-fertile, 305 
Ajuga replant, 368 
AUiura eepa (blood-red vnr.), 369 
AnagaUit eolliua (var. grandiJiora\ 
217, 207 : mousuremeiits, 218 ; 
seeds, 316, 323, 325 
Anderson, J„ on tho Calceolaria, 87 ; 
>ring tho corollas, 420 



Anetiropliilous plants, 400; often 
diclinous, 408 

Antirrhinum majut (red var.), 363 ; 
perforated corolla, 429 

rwhite var.), 303 

(peloric var.X 363 

Apiam pelrotelinum, 172 ; result of 
experiments, 277 
A rgemone oehroltmca, 3f>6 
Aristotle on bees fr^uonting flowers 
of the same species, 415 
AritMochia. 417 
.Iruin maculatum, 417 



Dailey, Mr., perforation of corolla, 
427 



Bartonia aurea, 170 ; measurements, 
170, 171; result of experiments, 
277 

Barltia odontilet, 309 
Beal. W. J„ sterUity of Kalmia 
lali/olia, 359 ; on nectar in Bibet 
aureum, 432 
Been, the oommoa, 432 
Bees distinguish colours, 373; fre- 
quent the Rowers of the same 
species, 415, 420; guided by 
coloured corolla, 420; powers of 
vision and discrimination, 422 ; 
memory, 423; unattracted by 
od"ur of certain flowers, 423: 
industry, 424 ; protit by the co- 
rulla perforated by humble-bees, 
427 : skill in working, 428 ; habit, 
431 ; foresight, 43.3. 

, humble, recognise varieties 

as of one species, 416; colour 
not the sole guide, 421 ; rate of 
flying, 424 ; nnmlier of flowers 
visit^ 425; corolla perlbrated 
by, 420, 433 ; skill and judgment, 
429 

Belt. Mr., the hairs of Digitalii 
purpurea, 82; PhoMtolut multi- 
^rut, 151 ; not visited by bees 
in Nicaragua, 300; bumiiiing- 
binls carrying pollen, 371 ; se- 
cn'tiO'i of nectar, 403 ; in Acacia 
iphn-rocephalue and passiun- 
flower, 404 ; perforation of corolla, 
430. 

Bennett, A. W„ on TMa tricolor, 
123; structure of /mpofiVas/Mlca, 
307 : plants flowering in winter. 
.384 ; tioes frequenting flowers of 
same species, 416 
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£*rl< 7 . ■eir-f<TtiIi»tion ot 

iMtkynu odoratm, 153 
Ekton, hi!T. A. E„ on Pringlra, 408 
Eiigplmnnii, doTflopmeiit of lexual 
rnniu, 40i> 

Engirr. Dr^ on dichogamoiu Saxi- 
/roM, 440 

Entootophiluus pknli, 408 
KpipaHit loHMia, attikctiTO on); 

to w<u|». 375, 423 
Kriea tetmlix. 421 ; perforated 
corolla, 420, 484 
Erylhrimt. 300 

Enrhteholbia eaUfonica, 109 ; 
meunrcmrnbsllO: plants rai« d 
from Brsxilisn seed. 111; weight. 
113; scedis 115, 116, 315. 319, 
322; i-xpcii-iients oo, 203. 275; 
kDperiorit; of self-fertilised over 
crossed. 290; csrlv flowering, 
292, 294; artiflcislly self-feiti- 
lised, 332; pollen ft'om other 
flowers more efleetive. 340 ; self- 
kterUe in Brazil, 343, 358 
Euphratia ofieimilu, 368 
Eviyale amaxonica, 3-’'8 



Fabricius on Aruioloekia, 417 

Eagopyrum rsealeaf aat, 228 ; early 
ttoaeriiig of croastvl plant 293 

Faivre, Fnrfeasor. self-fertiUsation 
of Cannocsw, 230 

Farror, T. H., papilionaceous 
flowers, 5 ; Lupiniu luttut, 147 ; 
Pluueoitu mulliflorut, 150, 431 ; 
i'isuin sulirurs, 100; cross-f. r- 
tiliaation of Lobrlia ramoso, 176 ; 
on Coronilta, 405 

Fermond, H.. Pkofolux mmUi- 
floras, 151 ; P.eoeciMru* kyhruliu, 
151 

Fertilisation, means of, 356 : plants 
sterile, or partially so without 
insoot-aid, 857-304; plants tor- 



tile srithout insect-aid. 365-8il9 ; 
sieaas o/ cnm-frTtilUatum, 370 ; 
humming-birds, 371; Australian 
flowers fertilised by honey- 
sucking birds, 371 ; in New Zea- 
land by the XnihomU melanura, 
371 ; attraction of bright eolouts, 
372; of odours, 874; flowers 
adapted to certain kinds of inserts, 
875 ; large omoiut of pollen- 
graina 376, 377 ; transport of 
pollen by insects, 377-379 ; struc- 
ture and oonspicuousness of 
flowers, 381 ; pollen from a dis- 
tinct plant, 3«8 ; prepotent 
liolleu, 398-100 

Fertility, heights and wcigbta re- 
lative, of plants crossed by a 
fresh stork, self-fertilised, or 
intercrossed (Table C), 245- 
252 

Fertility of plants as influenced by 
cross and self-fertilisation (Table 
D', 312 ; relative, of crossed and 
self-fertilised inrents (Table E), 
314-319: fniutfc, from a erms 
with fresh stick (Table F), 319 ; 
rrloftre, of flowers crossed with 
pollen from a distinct pLint and 
their own pollen (Table G), 820 : 
of crossed nnd sclf-fe^ised 
flowers, 324, 825 

Flowering, porloil of, superiority of 
crossed over scif-ferliliaed, 

297 

Flowers, widte, larger proportion 
smelling sweetly, 374 -. structure 
and conspicuousness of, 381 ; con- 
spieooiu and inoonspiotioas, .385 ; 
paidlionoctous, 385 ; fertilised 
with pollen fiom a distinct plant. 



Faroytkia vMdiuima, 341 
Foxglove, 81 

Frsnklaud, Dr., chemical affinity. 



vficiaalU, 366 
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SO.*) ; tpoDtamou* viiriabllitjr of 
I’kamoluf mtilli/lonu, 151 ; M>lf- 
fcrtiliaatioii of kidneT-be«n, 152 ; 
1‘aparer alpinum, 331; aterility 
of Coryilali* xJiila, 358; LtHum 
unlatiitimum, 8U6 
Honey-dew, 402 

Hooker, Dr., JiurfaU fena and 
Vieitma rrgia, e<ieh produriiig 
aeveral flowen ut once, 3*21 ; on 
aexual relation of treea in New 
Zealand, 411 
Hnne-cbeetnut, 399 
Hiinil)lc»bcca, 41C; aer Bcoa 
HiiinlKildt, on the grniua of rereala, 

Humming-liirda a meana of croaa- 
fertiliaation, 371 
Hyacinth, .sSl 

Hylciil plaiita, tendency to rerert to 
their parent forma, 370 
Hypmmm grand^^onim, 331, 359 
prorumhens, 331, 306 



Ipomaa purpurra, 28 ; meaaure- 
meuta, 29-49 ; 6owera on aame 
plant croaaed, 41-44: croaa with 
ncah atock, 45-47 ; dcaoendauta 



of Hem, 47-51 ; aiimmary of 
■neaauromonta,52; diagram abow- 
ing mean beighta, 53 ; aummaiy 
of obaervationa, 53-62 ; of experi- 
menta, 2.’17-259; auperiority of 
croaaed. 289; early flowering, 
291, 297 : efiecta of inteirmaaing. 
300; uniform colour of aelf-fer- 
tiliai d, 308 ; aoeda, 314, 322, 824 : 
highly aelf-fortile, 3ti8: prepo- 
tohcy of other pollen, 397 
Iria, aecretion of aaecliarine matter 
from calyx, 402 
/aotomo, 176, 364 



1 . 



lUri* %imhella(a ( Tar. kermemama), 
103 ; meaauremcnt, 104-106 ; 
cmaa by frrah atocka, 105 ; 
n-marka on experimonta, 2<>2; 
auperiority of croaaed over aelf- 
frtiliaed acedlinga, 289; early 
flottoring, 2t*2 ; number of aecda, 
315; highly aelf-fortile, 365; 
prepotency of other pollen, 392 
amam, 365 

Impalietu fmiuentcd by humming- 
birda, 371 

barbigera, 360 

/ulro, 341, 367 

noli-me-iangKre, 867 

]Mllida, 341 

Inheritance, force of, in planta, 305 
Inaecta, moana of cmaa-fertiliaation, 
871 ; attracteil by bright colonra, 
372; by od.ura, 374: by con- 
apicnoiia flnwera, 88:1 : dark 

atreaka and niarka aa guidea for, 
372; flnwera adapted to certain 
kinda, 375 



Kalmia UUi/olia, 359 
Kemer, on protection of the pollen, 
376; on the aingle daily flower 
of Villania panuun/olia, .390; 
pollen carried by wind, 405, 406, 
412 

Kidney-bean, 152 

Kitchener, Mr., on the action of the 
atiran, 64 ; on I’tofo tricolor, 123 
Knight, A., on the aexual intereourae 
of planta, 7 ; croaaing varietica of 
pe^ 163; aexual rv — a — 



Kohl-rabi, prepotency of pollen, 
S!I3 

Kbireuter on cmaa-fertiliaation, 7 ; 
number of {lollun-grainancccaaary 
for fertiliaatinn, 24 ; aexiutl afflni- 
tieauf.Vu»<iaHa,210, Yrrhatcum 
jAimierum, 330; experimenta 
with pidlen of Uibuau reaf- 
coriaa. 877 

Kuhn adopta tlie teim cleiatngene. 
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LahiaUe, 93 

iMcluea Bativa, 173, 369 ; meaanrt^ 
ment, 174; prepotency of other 
pollen, 397 

Lamittm album, 389, 416 

purpureum, 416 

Lathi/nu mh>ratu», 153-160: mea- 
surements, 1.57-160 : remarks 

on experiments, 205; period of 
flowering, 295 ; cross-fertilisation, 
304: seeds, 316, 825; self-fertUe, 
367 

grandijtonu, 155, 360 

nuBolia, 367 

Bulwlrit, perforation of corolla, 

429 

Lance and Gilbert, Messrs., con- 
sumption of inorganic matter by 
plants, 448 

Laxton, Mr., crossing varieties of 
peas, 163, 305 

Leoop, Cijclamen repandum, 215 ; on 
Fumariacem, 359 ; annual plants 
rarely dicecions, 413 
CeerBia oryzoulet, 3.50 
Leguminotx, 147 : summary on the, 

i68 

Leighton, Rev. W. A., on Phcueclu* 
multifiorm, 151 ; Aeaeia magmjica, 
405 

[jeptmiphoH androtaceut, 368 
iMcheiMuUia formota, 364 
I^ett'nce, 173 
Lilium auratum, 341 
Limnanlhe* douglatii, 145 : measure- 
ments, 146: early flowering of 
crossed, 293; seeds, 316, ^3; 
highly self-fertile, 367 ; prepo- 
tency of other pollen, 897 
Limria rndgarit, 9, 88 ; seeds, 322 ; 
self-sterile, 363 

Kymbalaria, 384. 422 

Lindley on Fumariacex, 359 
Link, hypopetalous nectary in 
Chironia dtciumla, 403 
Linum grandi^orum, 343 

untatUnmum, 366 

IjoameeK, 170 



Lobelia mass, 176; secretion of 
nectar in sunshine, 403 ; experi- 
ments with bees, 420 
Lobelia fulgetu, 179 ; measurements, 
180-182 : summary of experi- 
ments, 274; early flowering of 
self-fertilised, 291, 294, 295: 
seeds, 323 ; sterile unless visited 
by humble-bees, 364 

ramosa, 176; measurements. 

177, 178; early flowering of 
crowed, 293, 295; seeds, 325; 
self-sterile, 364 
lenuior, 176 

Loiseleur-Deslonnhamp, on the 
grains of cereals, 3.54 
Lotus comicttlatue, 361 
Lubbock, Sir J., cross-fertilisation 
of flowers, 6; on Viola tricolor, 
123; bees distingnishing colours, 
373 ; instinct of bees and insects 
sucking nectar. 415 
Lupinmluteus, 147: measurements, 
148; early flowering of self-ferti- 
lised, 294, 296; self-fertile, 367; 
prepotency of other pollen, 397 

j»lo»«s,149; self-fertile, 367 

Lychnis dioiea, 411 



Macnab, Mr., on the shorter or 
longer stamens of rhododendrons, 
298 

Mahonia aguifolium, 395 



Maloacese, 140 
hlaregraviacae, 404 
Masters, Mr., cross-fertilisation in 
Fisum satirum, 161; cabbages 
afibeted by pollen at a distance, 
378 

, Dr. Maxwell, on honey-dew, 

402 

Measurements, summary of, 241 ; 
Table A. 240-243: Table B, 
244 ; Table C, 245-252 
Medieago lupulina, 368 
Meehan, Sir., fertilising Prtunia 
ciolaeea by night moth, 188 
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Mdiuiomaerje, 208 
Melilolut ofieinalin, SCO 
MrrrurialU annua, 418 
Miller, IWewor, on chemical afll- 
uity, 456 

Mimnltu luletu, efTccta of emeain);, 
10; croased ami soir-fertilia^ 
planta, 64-70 ; meoaiiremonta, 70- 
78 ; cmeawith Bdiatinct stock. 72- 
76 ; intercrossed on some plant, 
75-78 ; aammaiT of obaer>'ation8, 
78-81 : of expenments. 2.50-261 ; 
superiority of crossed plants, 286 ; 
siniuitancous flowering, 204, 206 ; 
effeets of intercrossing, 301 ; 
uniform colonr of self-fertilistd, 
307; seeds, 815, SIO, 322, 324 ; 
highly self-fertile, 348, 360 ; pre- 
poU-ncy of other pollen, 892, 307 



Miruhilis, dwarfed plants raised by 
using too few pollen-grains 208 : 
number of gmins necessary for 



marrying, 460 
Monodurlnm ca^eram, 364 
Moore, Mr., on C^erarias, 335 
Muller, Fritz. on Potoqueria 
fragrant, 5, 301 ; experiments on 
hybrid Abuiilont and Jligiumiat, 
305, 306; hirge number ' 
nrcbidaceona genera sterile 
their natire home, also Bignonia 
and Tabenurmoniana rcbinala, 
331: sterility of EtdurkoUna 
cali/omi^ 332, 342; Abutilon 
dnneinii, 334; experiments m 
self-fertilisation, 840 ; self-sterilo 
plants, 341 ; ineapacity of pollen- 
tubes to penetrate the stigma, 
842 ; cross-fertilisation by means 
of birds, 371 ; imperfectly deve- 
loped male and female Termites, 
380 ; food-bodies in Cerronia, 404 
Muller, Hermann, fertilisution of 
flowers by insects, 6, 7 ; on 
JHgilalii jmrpurta 82; Calcro- 



laria, 87 ; Linaria mlgarit, 88 ; 

Veibatmm nigrum, 80; the 
common cabbage, 98; Paparrr 
dabtast, 107; IVofa tricolor, 123, 
124; stmeturo of /IclpAiniam 
eontoliiia. 129; of lAipinui lutco, 
147 ; flowers of Pimm mtirum, 
160, 161 ; on Saroikamnut tenpa- 
riut not secreting nectar, 164 ; 
Afiium prtrotrlinum, 172 ; Baraga 
qfieinalit, 185 ; red clover visilra 
by hivc-lieea in Germany, 361 ; 
insects rarely visiting Fmaria 
aifieinalii. 3M; comparison of 
lowland and alpine species, 875 ; 
structure of plants adapted to 
cross and self- fertilisation, 880; 
large conspicuous flowers more 
frequently visited by insects than 
small incomqiicnnus onea, 383; 
Salannm generally unattisctive 
to insects, 387 ; Lamium album, 
389 ; on anemophilous plants, 
400 : fertUisation of Planlaga, 
401; secretion of nectar, 405; 
instinct of bees sucking nectar, 
415; bees frequenting flowers of 
the same species, 416; cause of 
it, 419; pmers of vision and 
discrimination of bees. 422 

Muller, Dr. H.. hive-bees occa- 
sionally perforate the flower of 
Erira telralix, 427; calyx and 
corolla of Ukinanihut alretem- 
laphut bored by Bombut maitru- 
catUM. 432 

Miinm, Mr., some species of Onei- 
ilinm and iiaxillaria sterile 
with own pollen, 331 

Afprincec, 412 



Nageli on odours attracting insects, 
W4 ; sexual relations, 409 
Natural selection, cflect upon self- 
sterility and self-fertilisation, 345, 
346 

Naiidin on number of pollen-grains 
necessary for fertilisation, 24 ; 

I Petunia violacra, 188 
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Nectar re«;anlcd aa an exciotion, 402 
Xemophila iiuiffnu, 182; measure- 
nienU, 188-185; early fluwerinfc 
of croeeeil plant, 293 ; effecta of 
croae an-l aolf-fertiliaation, 803; 
aceda. 81G. 328 
Xepela gUehoma, 416 
Xieotiana gltUinota, 210 

tabaeum, 203 ; mea^nr8menta, 

205-208; cmaa with freeh atnck, 
210; mcaanremcnta. 212-215; 
anminary of experimenta, 266, 267, 
279 ; superiotity of croaaed planla, 
288-290; early flowering, 293- 
295 ; aeeila, 823, 325 ; expcri- 
menta on. 349 ; aelf-fertile. 3iJ8 
Xolana prorirala, 186; nieaaure- 
menla, 187; croaiwal and arlf- 
fertili»e<l pisnta, 277; nnmber of 
enpanlea and aeeda, 321, 823 ; 
aelf-fertile, 368 
Xolanoeete, 186 
Xgmphtea, 358, 865 



0 . 

Odonra emitted by flowers attractlTe 
to inaeota, 374 

Ogle, Dr., on Digitalii purpurea, 
82 ; Geeneria, 92 ; l‘ha»eolu» muU 
t\fionu, 151. 360. 431 ; perfora- 
tion of corolla, 426 ; ease of the 
Mouhahood, 428 
Onngraerx, 169 

Onion, prepotency of other pollen, 
393 

OnoHu miHutueima, 167 ; meaanre- 
menta, 168; aeeda, 823; aelf- 
fertile, .367 

Ophrye api/era, 350, 369, 439 
— mtuet/era, m, iOii 
Oranges, spontaneous creasing, .394 
Orehideje, 364. 369; excretion of 
saccharine matter, 402 
Orchis, fly, 41M! 

Origanum rulgare, 94; measure- 
ments, 95; curly flowering of 
croaaed plant, 2S2 ; eflecta of 
intercrossing, 801 



riusBOLrs. 



Pieony, nnmber of pollen-graina, 
376 

Papaveraeeie, 107 
Papaeer alpiuum, 331, 358 

argemoiioidet, 366 

bmeUatum, 108 

dubium, 107 

orientaU, 108 

rkteat, 107 

tomni/erum, 108, 331, 865 

ragum, 107 ; meaanrementa, 

109; number of capsules, 815; 
seeds, 358 ; prepotency of other 
pollen, 397 

Papilla) of the Viola tricolor at- 
tractire to insects, 124 
Parsley, 172 

Pattiftora alala. 3:I0, 334 

graeUU, 171 ; measurements, 

171 ; crossed and self-fertilised, 
276; seeds, 823; self-ferUle, 
365 

Pattifioraeem, 171, 357 
Pra, common, 160, 351 
Pelargonium tonal*. 142 ; menanre- 
menta, 143; efTocts of inter- 
^eing, 301 ; almost self-sterile, 

PenUtemon argulut, perforated co- 
rolla, 426, 428, 433 
Petunia riolaeea, 188; measure- 
ments, 189-203; weight of seetl, 
196 ; cross witli fresh stock. 196- 
201 ; rebitivo fertility, 201-203 ; 
oolonr, 203; snmmary of experi- 
ments, 265, 274; superiority of 
crossed over aelf-fertili8c<l, 289; 
early flowering, 293, 2;»4 ; uniform 
colour of self-fertilised, 809; 
seeds, 316, 819, 823, 325; self- 
stenle, 362 

Pkalari* eanarinuit, 235 ; mcasnre- 
ments, 236. 237 ; early flowering 
of crossed. 2ie 
Phateolut eoeeincu*, 150 

mullijionu, 150; measurement, 

152; partially sterile, 168, 360; 
crossed and self-fertilised. 276 ; 
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PHA8EOLUS. 


SALVIA. 


e«rly flowering of crossefl, 293 ; 
seeci^ 316 ; perforate 1 by hamble- 

Phateoliu vulgarit, 153; self-fertile, 
168, 867 

Pimm tatimm, 160 ; measurements, 
162; seldom intercross, 169; 
summary of experiments, 264, 
278; self-fertile, 367 

Plants, crossed, greater consti- 
tutional vigour, 285 


ing of crossed. 293; seeds, 317: 
self-fertdity, 351 ; prepotency of 
dark red polyanthus, 396 
Primulaeenr. 215 
PringUa, 408 

Proteacae of Australia, 412 
Pruaiis orium, 403 

lauroeeratut, 401 

PUrit aquilitta, 404 


Pleroma^ 364 


B. 


Pollen, relative fertility of flowers 
crossed from a distinct plant, or 
with their own, 320; difference 
of results in HolaMi protlrala, 32 1 , 
323; crossed and self-fertilised 
plants, f^in crossed from a 
distinct plant ami their own pol- 
len, 324 ; sterile with their own, 
330-338 ; semi-self-sterile, 338- 
340; loss of, 376; number of 
grains in Dandelion, Pieony, and 
H'fslarta mneiunt, 376; number 
necessary for fertilisation, 377; 
transported from flower to flower, 
877 ; preMtency, 391-400 ; abori- 
ginally the solo attraction to in- 
sects, 402 ; quantity produced by 

Polyanthus, prepotency over cow- 
slip, 396 
PolygoiieK, 228 
Potoqueria fragraiu, 5, 391 
Potato, 387 

Poterium languitnrba, 407 
Potts, heads of Antkornit rnelanitra 
covered with pollen, 371 
Primrose, Chinese, 225 
Primula elatior, 422, 427 

graruUfiora, 378 

raoHis, 368 

officinalit, 378 


UadUh, 893 
Ranuneulaeete, 128 
Ranuneulm acrit, 365 
Raphanut so/tpus, 365, 393 
Reinke, nectar-secreting ghiuds of 
Prunu» arium, 403 
Beteda lulea, 117; measurements, 
118, 119; result of experiments, 
339 ; self-ferlUe, 365 

oilorata, 119; measurements, 

120- 123 ; self-fertilised scarcely ex- 
ceeded by crossed, 289 ; seeds, 316 ; 
want of correspondence beta-oen 
seeds and vigour of offspring, 
328; result of exp -riraents, 336; 
sterUo and self-fertile, 358, 865 
Bfteilaeea, 117 
Rheum rhaponlieum, 401 
Rhexia glandulom, 364 
Rhododendron, spontaneous cross- 
ing. 394 

Rhododendron ataloidet, 432 
Rhubarb. 394, 401 
Rihee aureum, 432 
Riley, Mr., pollen carried by wind, 
405; Yucca moth. 418 
Rodgers, Mr., secretion of nectar in 
I Vanilla, 408 

' Rye, experiment on pollen cf, 376 


scoltca. 362 


! B. 


stneiuns, 225, 279; measure- 
ments, 227 ; early flowering of 
crossed, 293, 296 

vfrit (var. offieinalit), 219; 

measurements, 221 ; result of ex- 
periments, 267, 268 ; early flower- 


Salma cocc/nco, 93 ; measurements, 
i 93; early flowering of crosseil, 
j 292 ; seeds, 815, 322 ; partially 
self-sterile, 363 
gliUinoM, 427 
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Salria grahami, 42«, 428, 433 
tenon, 362 

Sarotkamntu eropariwi, 163; moa- 
garemKiits, 163-167 : luperiority 
of crouea weaiin;^. 285, 28!); 
Heed), 323: aelf-glerile, 360 
Srahiom o(ro-purjmr«i, 172; mea- 
gurvmenU, 172, 173 
Scarltt-runner, 150 
Scott, J., Paparer eomni/enm, 108 ; 
sterility of Vcrbaacam, 330 ; On- 
ciiUum and Maxniaria, 331 ; on 
Primula uroli a and Cortuea mU- 
tluoU, 362 
Asrophulnriaeem, 63 
Self-fertile varictiea, appeoranue of, 
847-351 

Self-fertilisation, michauical st 
tore to check, 382 
Self-sterile plants, f. 29-347; wide 
distribution tlironghout 
vegetable kingdom, 341 ; differ- 
ence in plants, 342; cause of 
self-sterilily, 343 ; affected by 
changed conditions, 344-346 ; 
necessity of differentiation in " 
sexual elements, 347 
Heneeio eruentut, 335, 364 

heritieri, 3:i5 

madereneu, 335 

populi/oliue, 345 

tumlaginie, 335 

Sharpe, Messrs., precautions against 
intercrossing, 3!)5 
Snow-flake, 176 
SoianactK, 188 
.Snfonam lubentum, 362, 387 
Specularia per/oliala, 174 

tpeeulum, 174 ; measurements, 

175, 176; crossed und self-ferti- 
lised, 276: eorly flowering of 
crossed, 203; secsls, 323; self- 
fertile, 369 

Spencer, Herbert, cliemical affinity, 
457 

Spiraniket autumHolu, 391, 421 
Sprengel, C. K., feitilisation of 
flowers by insects, 5, 6 ; Viola 
tricolor, 123; colours in flowers 
attract and guide inseots, 372, 
373; oil AriMolochia,in ; Aeoni- 



turn naprllut, 428 ; importance of 
in.-ects in fertilising flowers, 435 
Stocky coceinta, 426, 428, 43!t 
SUllaria media, 367 
Strachey, General, perforated flowers 
in the Himalaya, 434 
Strawliernr, 304 

Sirelitzia fertilised by the Nectarini- 
deie,37l 

Stmoture of plants adapted to cross 
and self fertilisation. 380 
8 smle, Mr., garden lupine not visiteil 
by b^ in \ew Zealand, 150 
Sweet-pia, 153 



Taberneemoniana edtinata. 331, 362 
Tables of mtasniemciits of heights, 
weights, and fertility of plants, 
240-270 

Termites, imperfectly deveiopcil 
males and females, 380 
Thunbergia alata, 96, 277, 331 
Thyme, 419 

Tinzmann, on Sdanum tuberoenm, 
362,388 
Tobacco, 203 

Transmission of the good effects of 
a cross to later generations, ,IO:i 
Trees, separated sexes, 411 
Tri/olium arrenee, 367, 384 
inearmluni, 361 

^tolsc, 361. 426, 434 



repent, 361 

Troptridum miaas, 144; measure- 
ment-, 145 ; early flowering of 
crossed, 293 ; seeds, 316. 323 

tricolor. 427 ; seeds, 323 

Tulips, 394 
Tyiha, 405 



VMliferie, 172 

Urban, Ig., fertilisation of Medieago 
lupulina. 368 
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VamUUia Hummulari/olia, 90, 278 ; 

•weda, 315, 322 ; aelf-rertilc. 36!) 
Vanillii, Kcretion of necUr, 4U3 
Verbateum lychniUs, 89, 311, 369 

nigrum, 89, 830, 341 

phemueum, 830, 341, 364 

90; 8^r*rtUe, 34 i7^”™^”**’ 
Verlot on Convcltmius tricolor, 55 ; 
interoroMing of Xcmopkiia, 183 ; 
of Lcplotiphon, 394 
IVronfaa agratit, 369 



chamadryt, 3 

kedcTK/dia, I 



369 

.104 

hirmUa, 367 

MliKi, 367, 403, 404 

Victoria regia, 365 
Villartia pamoeeifclie^ 390 
Vilmorin on tnnamitting character 
to oflapring, 451 
Vinco rMjor, 362 

ro««o, 362 

IVolo eanina, 357 

tricolor, 123; meaaniementa, 

126, 127 ; auperiority of croated 
planta, 286, 289; period of 
dowering, 292, 296; effecU of 
eroaa-fertiliaation, 304 ; aeeda, 
316, 325; partially eterile, 858; 
corolla removed, 420 
Violacem, 123 

Kiacoria ocutata, 130; meaante- 
ment, 132; average height of 



eroaaed and aelf-fertiliaed, 276; 
aimnllaneoaa flowering, 295 ; 
aeeda, 316, 323 ; aelf-fertUe, 367 



Wallace, Mr., the licaka and facea 
of bruah-tongoed loriea covcied 
with pollen, ^1 

Wnape attracted by Epipactie lati- 
/o/ia, 875 

Weighta, relative, of cneaed and 
aelf-ferUliaed planta, 244. 283; 
and period of germination of 
aeeda, 352-855 

Wilder, BIr., fertiliaation of flowera 
with their own pollen, 341 

WiUon, A. J„ anperior vigonr of 
eroaaed aeedlinga in Bramra 
rampretrit ruta baga, 353 

Widana einensu, 876, 427 



Zea mage, 16, 233 ; meaanrenicnta, 
16-18, 234 ; difierence of height 
between eroaaed and ael f-fertilia^ 
288 ; early flowering of eroaaed, 
293 ; aelf-fertile, 369 ; prepotency 
of other pollen, 897 
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